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ABSTRACT

Under the terms of the Defense Production Act, it is expected

that as the U.S. oil shale industry develops, the Armed Forces of the

United States will be the recipients of significant quantities of fuel

products derived from shale oil. Lead responsibility for the prepara-

tion of fuel specifications for DF-1, DF-2, and DFA fuels has been

charged to the U.S. Army, and in order to prepare realistic specifica-

tions for these fuels, the Army must be fully aware of all the param-

eters that will ultimately affect the characteristics of these fuels.

The objective of this research program was to collect, review,

and evaluate all pertinent information dealing with the parameters that

affect the properties of shale-derived fuels. To varying degrees, the

critical parameters were found to be the source of the oil shale,

method of retorting, retorting conditions, method and degree of upgrad-

ing, and refining techniques employed. With all other factors being

equal, each of the above parameters will have an effect on the fuel

properties; however, the flexibility inherent in the refining step per-

mits all but the most major variations in shale oil properties to be

compensated for in this operation.

This report describes all of the parameters that are likely to

affect the characteristics of shale-derived fuels, with emphasis on the

most significant parameters -- retorting and refining. The results of

a comprehensive survey of potential shale oil refineries'represented,

and forecasts are made regarding the likelihood of grass-roots refinery

construction in the near- to mid-term. Based on contacts with shale

oil producers and refiners, cost estimates for additional laboratory

and pilot-scale research efforts are included.

-
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INTRODUCTION

Oil shale is a rock that contains kerogen, a solid organic

material that cannot be extracted with conventional solvents but that

breaks down into combustible liquids and gases when heated to approxi-

mately 900*F. The conversion of the kerogen into the liquid and gas-

eous products is known as pyrolysis, and the heating process is

called retorting. The liquid product -- crude shale oil -- can be

burned as a boiler fuel, converted into a synthetic crude (syncrude),

or refined directly into liquid fuels and petrochemicals. The gaseous

products can also be used as fuels in or near the retorting plant, or

they can be upgraded to produce synthetic natural gas and be pipelined

to more distant markets. Retorting also generates various waste pro-

ducts, principally the retorted or spent shale that remains after the

shale oil and gases are removed.

Crude shale oil can be extracted from raw oil shale by either

aboveground or in situ (in place) processing. In aboveground process-

ing, the shale is mined and then heated in surface retorting vessels to

pyrolyze the kerogen, converting it to shale oil for subsequent recov-

ery. In situ processes involve the formation of large rubble chambers

within the oil shale formation, followed by heating of the rubblized

fragments to effect the kerogen pyrolysis and shale oil production.

Once extracted from the shale, the crude shale oil can be refined

using conventional refining techniques. However, the presence of cer-

tain contaminants makes it necessary to carefully select the refinery

operations that are used and the sequence in which they are used. The

fuels that are produced in a carefully selected refining flow scheme

will likely meet all specifications for performance and stability.I
I
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SUMMARY AND CONCLUSIONS

Shale oil can be produced from the Green River Formation by a

variety of processes. Each of the locations from which the raw oil

shale is derived and each of the retorting processes employed will

produce an oil product with slightly different physical and chemical

properties. The two most critical parameters that affect downstream

processing are pour point and nitrogen content. The former is primar-

ily a transportation consideration, as high pour point oils must be

heated to make them transportable by either rail or pipeline. The

nitrogen content, on the other hand, is a processing consideration, as

it acts as a catalyst poison in conventional refining operations and

must be removed by hydrotreating. Sulfur and trace metals contents are

the next most critical considerations. The sulfur is easier to remove

than the nitrogen and thus will be reduced to acceptable levels during

the denitrification process. The trace metals, in particular arsenic,

nickel, and vanadium, can be reduced to acceptable levels via estab-

lished refining techniques.

Pour point reduction can be accomplished either by the addition

of a chemical depressant, via hydrotreating, or by thermal treatment.

Nitrogen, sulfur, and trace metals removal (upgrading) can be con-

ducted either on site, prior to transport, or at the refinery site,

prior to conversion into fuel products. Once the upgraded shale oil

product (synthetic crude) reaches the refinery, a variety of conven-

tional refining processes may be used to convert the oil into the

desired slate of fuel products. The choice of processes is dependent

upon the products desired as well as the equipment and financial con-

straints faced by the refiner. In general, the refining process!
I
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represents the most important factor in determining the characteristics

of the final fuel products.

Based on the research conducted throughout the course of this pro-

ject, the following conclusions may be drawn:

" Given adequate economic justification, almost any quality
of fuel product can be made from any raw shale oiL feed-
stock.

" The most difficult military fuel specification to meet when
using shale oil as a feedstock is stability. The nitrogen
compounds that cause storage instability, which are not
removed by hydrotreating, must be removed via acid/clay
treatment.

" The disposal of the acid sludge produced by large-scale
acid/clay treating of finished products may represent a
serious environmental problem, thus placing an increased
emphasis on hydrotreating operations.

" At present, using existing equipment, only three refiner-
ies in the Rocky Mountain/Great Lakes area are capable of
refining raw shale oil to transportation fuels. Other
refiners in the geographical region will have to make sub-
stantial capital investments if they are to process raw
shale oil.

" Any existing refinery can process shale oil that has been
sufficiently hydrotreated to remove the nitrogen, sulfur,
arsenic, and other contaminants.

• It is unlikely that a grass-roots refinery will be con-
structed to process shale oil in the near- to mid-term.
The reasons for this include:

- existing excess refining capacity in the United
States.

- sufficient existing or proposed transportation sys-
tems to transport shale oil to existing facilities.

- ability of most refineries to process upgraded shale
oil.

- decreasing availability of conventional petroleum
feedstocks.

- anticipated conversion of many U.S. refineries to
facilitate processing heavier petroleum crudes,
increasing the number of facilities capable of5 accepting shale oil.

I
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The costs involved in producing raw shale oil and refining
it into transportation fuels for laboratory and pilot test-
ing will approach $550,000.

!A
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DISCUSSION

BACKGROUND

Oil shale is a rock that contains kerogen, a solid organic material that

cannot be extracted with conventional solvents but that breaks down into combus-

tible liquids and gases when heated to approximately 9000F. The conversion of

the kerogen into the liquid and gaseous products is known as pyrolysis, and the

heating process is called retorting. The liquid product -- crude shale oil --

can be burned as a boiler feed, converted into a synthetic crude (syncrude), or

refined directly into liquid fuel and petrochemicals. The gaseous products can

also be used as fuels in or near the retorting plant, or they can be upgraded to

produce synthetic natural gas and be pipelined to more distant markets. Retort-

ing also generates various waste products, principally the retorted or spent

shale that remains after the shale oil and gases are removed.

Oil shale deposits have been found on every inhabited continent. Asia has

the most extensive resources overall, with a potential shale oil yield in excess

of 700 trillion barrels. Australia and New Zealand have the least, with only

about 120 trillion barrels. The world's resources total more than 2 quadrillion

barrels, equivalent to about 600,000 barrels for each of the world's inhabitants.

However, relatively little of the potential oil product could be recovered

because of technical, economic, and environmental limitations.

Oil shale is found throughout the United States, as shown in Figure 1. The

deposits in the central and eastern states underlie a vast area, but they are

thin and yield relatively little oil, because the kerogen is deficient in hydro-

gen. However, they do offer some promise for the production of oil, gas, and

by-products, such as sulfur and uranium. Both the U.S. Department of Energy

(DOE) and private industry are evaluating this potential through a variety of

research and development programs.

_ _ _
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The oil shale deposits in Colorado, Utah, and Wyoming occur principally in

the Green River Formation. This formation was created 30 to 50 million years

ago by the simultaneous deposition of organic debris and mineral silt on the

bottoms of two large and long-lasting lakes. Heat, pressure, and time combined

to solidify these raw materials into the mixture of kerogen and dolomitic lime-

stone called Green River oil shale.

The Green River Formation has been divided into a number of discrete geo-

logical basins. The concentrations and characteristics of the oil shale vary

appreciably between the basins. Wyoming oil shale, for example, has relatively

little kerogen and is mixed with layers of rock with essentially no organic

matter. The oil shale of the Uinta Basin in Utah and extreme western Colorado

is richer than the Wyoming shales, but the minable deposits are still relatively

thin compared with those in Colorado's Piceance Creek Basin. The Piceance Creek

Basin constitutes the most extensive hydrocarbon deposit found anywhere in the

world. Its oil shale beds are as much as 2,000 ft thick, and some layers can

yield more than 2 bbl of shale oil per ton.

The total potential shale oil yield of the Green River Formation, some 8 to

11 trillion bbl, is far larger than the petroleum fields in the Middle East. If

development were limited only by the size of the resource, the Piceance Creek

Basin alone could satisfy all of the Nation's liquid fuel needs for thousands of

years. However, as with the deposits elsewhere in the world, only a small frac-

tion of the oil could be recovered economically with existing technologies. The

estimates of recoverable shale oil are somewhat speculative, because the mining

and processing methods have never been tested at full commercial scale. One com-

monly cited estimate is 400 billion bbl, equivalent to a 60-yr supply of liquid

fuels for the United States at 1980 consumption levels.

Crude shale oil can be obtained by either aboveground or in situ (in place)

processing. In aboveground processing, the shale is mined and then heated in

I
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retorting vessels. In a true in situ (TIS) process, the deposit is first frac-

tured by explosives and then retorted underground. TIS is presently primitive,

although extensive research continues to be conducted. Modified in situ (MIS)

is a more advanced method in which a portion of the deposit is mined, and the

rest is shattered (rubbled) by explosives and is retorted underground. The mined

material can either be retorted on the surface or discarded.

The Greer, River oil shales may be extracted for aboveground processing by

either underground mining or surface mining methods. The most advanced under-

ground method is room and pillar mining, in which some of the oil shale is

removed to form large rooms, and the rest is left behind as pillars to support

the mine roof. This technique was first tested by the U.S. Bureau of Mines at

Anvil Points, Colorado and has been proposed for the Colony property near

DeBeque, Colorado. Overall, about 60% of the oil shale would be removed from

the mining horizon with this method. Higher recoveries would be possible with

surface mining, but its application would be limited to certain areas where the

overburden covering the oil shale beds is relatively thin. Open-pit mines,

similar to coal mines but much larger, could be used in some portions of the

Piceance Creek Basin, such as on federal lease Tract C-a. Strip mining, another

technique used for coal, could be used in several areas of the Uinta Basin.

Once the oil shale is mined, it must be heated to about 900'F to hreak down

the kerogen. A variety of aboveground retorts have been proposed to heat the

shale. They differ principally with respect to the nature of the heat-carrying

medium. In direct heated retorts, the medium is the mixture of combustion gases

that results when the residual carbon on the retorted shale is burned within the

retort by injecting air and recycled pyrolysis gases. The second type is the

indirect heated gas flow retort, in which the oil shale is contacted with gases

that are heated in a separate furnace outside of the retort vessel. No combus-

U tion occurs within the retort itself. The third type is the indirect heated



(

COLORADO SCHOOL OF MINES RESEARCH INSTITUTE 10

retort in which heat is carried by a circulating stream of hot solids, such as

spent shale or some inert material like sand or ceramic balls. As with the sec-

ond type, the carrier is heated outside the retort vessel.

Alternatively, the oil shale may be left underground and retorted in situ

(in place). As noted previously, this may be accomplished by either TIS tech-

niques, in which the mining is minimal, or MIS methods in'which about 20% to 40%

of the oil shale is removed to create void volume.

There are also some novel processes that have interesting potential but are

not as highly developed. These include heating by microwave or radio-frequency

radiation, b zerial degradation, and the use of exotic solvents to decompose

the kerogen. These are presently in the research and development stage and have

not yet been proposed for commercial application.

Regardless of the recovery method used, the crude shale oil product will

have a market as either a boiler fuel, a refinery feedstock, or petrochemical

feedstock. In the near term, when production of shale oil from the Green River

Formation is relatively small, the output may find applicability as a boiler

fuel, replacing primarily No. 6 fuel oil and residual oil. However, even though

this option is attractive due to the low investment required for implementation,

the long-term boiler fuel market is questionable. The factors that contribute to

this forecast include:

" Potential nitrogen oxide emissions which would preclude direct
firing.

" The continued phasing out of oil-fired installations for new con-
struction.

" A likely oversupply of conventional heavy fuel oil and residual oils
due to the increasingly heavier feedstock supply.

" The possible nonimplementation of the Industrial Fuel Use Act (the
act would preclude the use of conventional fuel oil for boilers).

The use of shale oil as a petrochemical feedstock, for the production of

either aromatics or olefins, has been investigated by several researchers but has
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not been studied in a large pilot or commercial scale. Indications are that

hydrogenated shale oil is a desirable feedstock, and furthermore, the conversion

to olefins may represent a very convenient method for dealing with the high

nitrogen content. However, because the major petrochemical complexes in the

United States are located principally on the Gulf Coast and East Coast, the

logistics involved in supplying shale oil to these regions essentially precludes

this application in the near term. As the shale oil industry develops, it may

eventually be cost effective to develop a new petrochemical industry in the

Rocky Mountain region, but this remains to be seen.

The use of shale oil as a refinery feedstock for the production of liquid

fuels is considered by most industry observers to be the most viable market for

shale oil. The composition of the shale oil feedstock is dependent on factors

such as the source of the oil shale, the retorting method employed, the retort-

ing conditions used, and the degree of upgrading. As will be discussed in later

sections of this report, the source of the oil shale affects primarily the trace

metals content rather than the gross physical and chemical properties of the oil.

Thus, while slight benefits may accrue from processing shales from specific geo-

graphic locations, these benefits are minor compared with other considerations.

In general, retorting methods that involve high temperatures or product

cracking due to recycle or refluxing (e.g., MIS) produce lighter, more desirable

oils. Those processes that involve no product cracking generally yield heavy,

viscous oil products. The trade-off is on the quantity of oil produced, the

heavier oils representing a greater volume per ton of rock processed.

Raw shale oil is hydrogen-deficient relative to most conventional crudes

and usually contains high concentrations of nitrogen and trace metals. Thus, to

I upgrade the material to be compatible with most available crude processing equip-

ment, the carbon/hydrogen ratio must be decreased, and the contaminants must be

I
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removed. The C/H reduction may be accomplished either by removing the carbon or

adding hydrogen. Coking is an example of the former process, but this technique

yields substantial quantities of coke, which is not a very marketable product in

the northwestern part of Colorado. Hydrogen addition, on the other hand, simul-

taneously improves the physical and chemical properties of the product and

removes the nitrogen and sulfur contents. The negative aspect of hydrogenation,

of course, is the need for hydrogen manufacture, a fairly costly operation.

As each oil shale project developer proceeds to the commercial scale, a

determination will have to be made as to whether the shale oil product to be

marketed will be in the raw form or upgraded. To make this decision, factors

such as upgrading cost versus improved market price, environmental regulations,

project timing, available transportation methods, etc. must be considered. The

status of major U.S. oil shale projects is shown in Table 1.

Once the shale oil product reaches the refinery, whether it is in the crude

form or upgraded, a wide variety of refining techniques may be employed to effi-

ciently convert the material into liquid fuel products. Later sections of this

report will discuss these processes in detail. In general, however, shale oil

has a lower concentration of both light ends and heavy ends than many conven-

tional crudes. Thus, it is generally a better source of jet fuel, diesel fuel,

and other heavier distillates than most petroleum crudes. Compared to liquids

from coal, shale oil contains less aromatics, making it better suited to dis-

tillate production, whereas coal liquids contain higher aromatic contents,

making them more suitable for gasoline production. It is ironic that in view of

these comparisons, shale oil is actually becoming a more desirable feedstock as

the typical product slate of refineries tends to shift away from gasoline toward

the middle distillate fuels and as the average barrel of petroleum being refined

gets heavier.
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TABLE 1

Status of Maior U.S. Oil Shale Projects

Production
Proposed Target

Project Location Technology (BPD) Status Summary

Rio Blanco Oil Shale Co.; Federal lease tract MIS and Lurgi- 76,000 L-R retort module
Gu.f; Standard of Indiana C-a; Colorado Ruhrgas above- design in progress.

ground retorts Burn of first exper-
Imental in situ
retort Initiated.

Cathedral Bluffs Oil Shale Federal lease tract Occidental MIS 57,000 Shaft sinking for MIS
project: Occidental Oil C-b; Colorado (1986) module development.
Shale; Tenneco Process development

work being done at
Logan Wash. PSD per-
mit obtained for
5,000 bbl/d.

White River Shale project: Federal lease tracts Paraho aboveground 100,000 Inactive because of
Sunoco Energy Development; U-a and U-b; Utah retorts litigation between
Phillips; SOHIO Utah, the Federal Gov-

ernment, an- private
claimants over land

ownership.

Colony development Colony Dow West TOSCO II above- 46,000 Pipeline to Casper
Operation: Exxon: property; Colorado ground retorts proposed. Work initi-
TOSCO ated on Battlement

Mesa community. PSD
permit acquired for
46,000 BPn.

Long Ridge project: Union property: Union "B" above- 9,000 Site development
Union Oil of California Colorado ground retort underway.

Superior Oil Company; SOHIO; Pacific property; Superior above- 50,000 Design of 15,000 BPn
Cleveland Cliffs Iron Co. Colorado ground retort module underway. Pro-

cess testing in
Cleveland completed.

Sand Wash project: TOSCO State-leased land; TOSCO II above- 50,000 Site evaluation and
Utah ground retorts feasibility studies

underway. Lease terms
require 98 million
investment by 1985.
Preliminary efforts
for shaft sinking
conducted.

Paraho Development Corp. Utah state lease Paraho agoveground 10,00 Engineering design
near Vernal, Utah retorts in progress.

Multi Mineral Corp. Multi Mineral "Re-in situ" re- N/A Engineering design
property; Colorado totting for multi- underway. Preliminarv

mineral recovery research conducted
at 'o" Morse Draw
10' bore.

Logan Wash project: Occi- D. A. Shale prop- Occidental MIS 500 6 experimental re-
dental Oil Shale; DOE erty; Colorado torts constructed

and burned. Retorts
7 and S under con-
struction.

Geokinetics, Inc.: DOE State-leased land; Horizontal-burn 2,000 Continuation of field
Utah true In situ (1Q82) experiments. About

10,000 bbl have been
produced to date.

BX Oil Shale project; Equity property; True in situ re- Unknown Steam inlection begun
Equity Oil Co.; DOE Colorado torting with super- and will continue for

heated steam about v ears. Oil pro-
(Fquitv process) dtiction expected in

IgRO. Production rate
has not been predicted.

j _____________________________________ _______________
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OIL SHALE SOURCES

The properties of raw oil shale from the Green River formation vary consid-

erably over the lateral extent of the deposit and with depth of burial. These

variations occur in both the inorganic and organic fractions; however, variations

in the inorganic category are both quantitative and qualitative, whereas organic

variations are principally quantitative, that is, the inorganic rock matrix con-

tains different constituents depending upon the point of origin, as opposed to

merely different proportions of a standard set of constituents. For example,

some oil shale in the northern part of the Piceance Creek Basin contains the sod-

ium minerals nahcolite and dawsonite in fairly high concentrations, while areas

in the southern portion of the basin contain none. Some regions contain high

clay concentrations, sometimes occurring in lenses, whereas other zones contain

very little clay material. Variatioas in the organic fraction, on the other

hand, relate merely to how much organic matter is present in a given quantity of

shale, and not so much to the composition of the organic material itself.

Because the genesis of all Green River kerogen was essentially the same, being

composed of the same type of source material and exposed to the same geologic

conditions, the kerogen is essentially the same through the basin.

This is not to say that the shale oil produced from the kerogen is all the

same, as the varying inorganic compositions of the raw oil shale may affect the

kerogen pyrolytic process and shale oil recovery operations. For example, the

presence of nahcolite (naturally occurring sodium bicarbonate) in retorting shale

will tend to reduce the hydrogen sulfide concentration in the product gas stream

by reacting with the sulfur compounds to form sodium sulfate. This effect may

also be manifested in lowered sulfur concentrations in the product oil, although

documentation substantiating this is not available. Likewise, arsenic concentra-

tions are reportedly lower in shale oils produced from shale in the northern partL
I
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of Piceance Creek Basin than in shales produced from shales in the central and

southern part of the basin.

However, the variations in shale oil composition resulting from variations

in the oil shale source location are relatively minor compared with variations

produced by differing retorting processes and retorting conditions.

CANDIDATE RETORTING PROCESSES

The following sections present descriptions of the six retorting technol-

ogies that have beet, judged by CSMRI to be the closest to commercial development

in the United State! . Each section includes some historical background on the

development of the process as well as a technical description.

Paraho Process

Background

The Paraho retort is a refractory-lined vertical kiln that utilizes a down-

ward flow of solids and an upward flow of gases to pyrolyze the kerogen contained

in oil shale and to recover the resultiug gases and shale oil vapors. The pro-

cess was developed in the late 1960's by Development Engineers, Inc. (DEI) by

modifying vertical kiln technology, which had been previously investigated, most

notably, in the development of the USBM Gas Combustion process and the Brazilian

Petrosix process. This modified kiln was tested for limestone calcining in

cement plants in Texas and in South Dakota to verify the solids flow characteris-

tics of the Paraho technology.'
1 4 1

In May 1972, DEI signed a lease agreement with the U.S. Department of Inter-

ior for the use of the Anvil Points facility in conjunction with a proposed oil

jshale retorting program. The resulting "Paraho Oil Shale Project" was scheduled

to run until August 1976 at a total cost of $10 million.10 Funding for the pro-

ject was provided by a consortium of 17 energy companies and engineering firms.

, AI
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These companies were:

* Sohio Petroleum Company
* Southern California Edison Company
* Cleveland-Cliffs Iron Company
* Gulf Oil Corporation
* Arthur G. McKee and Company
* Kerr-McGee and Company
* Shell Development Corporation
* Standard Oil Company (Indiana)
* The Carter Oil Company (Exxon)
* Mobil Research and Development Corporation
* Webb-Gary-Chambers-McLoraine (Group)
* Sun Oil Company
* Texaco, Inc.
* Phillips Petroleum Company
* Atlantic Richfield Company
* Marathon Oil Company
* Chevron Research Company

In return for its financial support, each company was guaranteed a favor-

able royalty arrangement in any commercial application of DEI's technology. A

new company, Paraho Development Corporation was formed to manage the project.

Two Paraho retorts were constructed at Anvil Points. A 4 -ft OD pilot-plant

unit was built to investigate operating parameters and to define conditions for

further testing in the 10 -ft OD semiworks retort. The retorts were designed to

enable them to be operated in either the direct or indirect heated modes. In

the direct heated mode, the heat for retorting is supplied by the combustion of

the residual carbon on the spent shale. In the indirect heated mode, heat is

supplied by recycled gases heated in an external furnace. A third mode is essen-

tially a combination of the previous two. The raw shale used as feed for the

retorting program was provided by reactivating the USBM room-and-pillar mine at

Anvil Points.

j As part of the program, approximately 10,000 bbl of crude shale oil was

produced for subsequent refining studies by the U.S. Navy at the Gary Western

refinery in Fruita, Colorado. These refining studies, conducted in 1975, pro-

duced a full range of fuels that were subsequently tested in a variety of mili-

I tary vehicles.
9

!j
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In May 1975, Paraho Development Corporation released a prospectus that des-

cribed plans to construct a full-size module capable of producing 7,300 bbl of

crude shale oil per day. The plan did not receive adequate financial support,

and progress slowed significantly when it was determined that a full Environmen-

tal Impact Statement (EIS) was required for the project.10

In 1976, the lease on the Anvil Points facility was extended to 1982. In

the same year, the U.S. Energy Research and Development Administration (ERDA)

announced plans for a $13 million project to produce 100,000 bbl of shale oil for

refining and testing. DEI was awarded two contracts totalling approximately $2.1

million to refurbish facilities at Anvil Points and to continue the production

and storage of shale oil at the site.

The 100,000 bbl of shale oil produced during the ERDA program was refined at

the Standard Oil Company (Ohio) Toledo refinery under conditions that would maxi-

mize yields of JP-5 and diesel fuel marine (DFM). These fuels were of higher

quality and had improved stability characteristics when compared with the pro-

ducts from the Gary Western refining run.
16 5

In mid-1980, Paraho Development Corporation announced that it would con-

struct a $200 million oil shale demonstration plant on its Utah state lease, 40

mi southeast of Vernal. Sponsors for the project include:

* U.S. Department of Energy
Chevron Research Company

* Conoco, Inc.
Davy McKee Corporation

* Mobil Research and Development Corp.
Mono Power Company
Phillips Petroleum Company

* Sohio Shale Oil Company
Sunoco Energy Development Company
Texas Eastern Synfuels, Inc.

. Cleveland-Cliffs Iron Company

In addition, Paraho Development Corporation announced in July 1980 that it

had been awarded a $3.1 million grant by the U.S. Department of Energy for a 1-yr

feasibility study of a commercial oil shale plant.35
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Technology

The Paraho retort is a refractory-lined vertical kiln in which a moving bed

of crushed shale flowing downward through the kiln is contacted with a counter-

current flow of hot gases that pyrolyze the organic material in the shale and

convey the resulting vapors out the top of the retort. Raw shale is fed into

the top of the retort by means of a rotating "pant-leg" distributor, as shown

in Figure 2. As the shale flows downward through the retort, it passes through

a series of temperature zones, depicted in Figures 3 and 4, that determine the

stage of the retorting procvP3 in which the shale is engaged. The first tempera-

ture zone that the shale e,.;ounters as it passes down the retort is the preheat-

ing or mist formation zon( in which heat is transferred from the rising gases

to the cool incoming ' hale. This has the effect of preheating the shale prior

to retorting, thereby iereasing overall thermal efficiency. The second zone

through which the shale passes is the retorting zone. In this zone, the shale

encounters hot gases rising from the combustion zone in the direct heated mode

or from the heating zone in the indirect heated mode. The hot gases heat the

shale to a temperature that is sufficiently high to pyrolyze the kerogen. The

resulting vapors are then swept from the retort by the upward flow of gases.

The next zone into which the shale passes is that in which the heat for

retorting is developed. This portion of the retort distinguishes the direct

heated mode of operation from the indirect heated. In the direct heated mode,

sufficient air is injected into the retort to cause combustion of the residual

carbon present on the retorted shale. In some cases, additional heat is supplied

by injecting and burning a portion of the product gas. In the indirect heated

mode, a stream of product gas is heated in an external furnace and then injected

into the retort. Fuel for the furnace is supplied by a stream from the product

gas line. In a commercial installation, this fuel could be either product gas,

residual carbon, or heavy shale oil product.

I L
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After passing through the combustion (or heating) zone, the shale passes

through the cooling zone. In this zone, heat is transferred from the hot shale

to a stream of cool product gas that is injected at the bottom of the retort.

The cooled shale then passes out the bottom of the retort through a patented

grate mechanism used to control the velocity of the shale through the retort and

also to maintain an even downward flow of shale over the cross section of the

retort.

There are several significant items that arise as a result of the differ-

ences between the two modes of operation. The first item is the thermal effici-

ency of the two modes. In the indirect heated mode, a valuable source of energy,

in the form of the residual carbon left on the spent shale, is not utilized.

This lost energy is compensated for by burning a portion of the product gas in a

furnace to provide heat for retorting, thus decreasing the net energy yield from

the process. As noted, however, this residual carbon may be recovered in a com-

mercial operation through direct combustion or gasification in an external unit.

When operated in the direct heated mode, the residual carbon is burned off the

spent shale within the retort itself.

A second difference stems from the fact that, in the direct heated mode,

a significant quantity of air is injected into the retort and burned. The

resulting combustion gases dilute the product gas causing it to have a markedly

lower heating value than the product gas from the indirect heated mode. As shown

in Table 2, gas produced in the direct heated mode has a higher heating value

(HHV) of 102 Btu/scf, while gas produced in the indirect heated mode has a HHV of

885 Btu/scf, very close to that of natural gas. 73 Because of this large dis-

parity between the qualities of the two product gases, there is a corresponding

disparity between their values. Gas from the direct heated Paraho retort is used

exclusively as fuel for the processing plant while gas from the indirect heated

retort may hav, a value on the open market.
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TABLE 2

Paraho Retorting Gas Properties (dry basis)

Volume, %
Direct Heated Indirect Heated

H2 2.5 24.8
N2  65.7 0.7

02 0 0
CO 2.5 2.6
CH4  2.2 28.7
CO2  24.2 15.1
C2H4  0.7 9.0
C2H6  0.6 6.9
C3  0.7 5.5
C4  0.4 2.0
H1S 2,660 ppm 3.5
NH3  2,490 ppm 1.2
111 102 Btu/scf 885 Btu/scf

A third difference, and possibly the most important from the standpoint of

this study, lies in the quality of the oil products produced by the two modes of

operation. Table 3 presents a comparison of several properties of crude shale

oil from both modes of operation. The oils are similar in most respects, with

the difference lying principally in the pour points of the two liquids. The oil

product from the indirect heated retort has a pour point that is 201F lower than

that of the product from the direct heated retort. 73 While this lower pour point

will not cause radical differences in the properties of the oils, it indicates

that a slightly lighter product is produced in the indirect heated retort. This

difference in product quality has an effect on the extent and severity of upgrad-

ing that may ultimately be required.

TABLE 3

Paraho Retorting Product Oil Quality

Direct Heated Indirect Heated

Gravity, °API 21.4 21.7
Viscosity, SUS at 130'F 90 68
Viscosity, SUS at 210'F 46 42
Pour Point, *F 85 65
Ramsbottom Carbon, wt % 1.7 1.3
Water Content, vol % 1.5 1.4

Solids, BS, wt % 0.5 0.6!
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Union Oil Process

Background

Union Oil's involvement with oil shale has extended over the last 50 yr,

with acquisition of oil shale reserves in Colorado having begun in the 1920's.

Union has been developing oil shale retorting processes for more than 30 yr with

the result being the development of three variations of a vertical kiln retort:

Retort A, Retort B, and the Steam Gas Recirculation (SGR) retorts. All three

retorts rely on the operation of a "rock pump" that provides for the upward flow

of solids and the downward flow of gases through a retort having the shape of an

inverted cone.

The first of the three retorting processes to be developed was Retort A,

shown in Figure 5. This retort utilizes the upward flow of solids and downward

flow of gases with heat being provided by combustion of the residual carbon

rem ining on the spent shale following the pyrolysis of the organic fraction.

Pilot plants with capacities of 2 and 50 tpd were tested at Union's California

research center, and, in 1957, a unit with a nominal capacity of 350 tpd was built

at Union's property located approximately 15 mi north of Parachute, Colorado.
10

This unit was 40 ft tall, 17 ft in diameter, and used a rock pump 5 ft in

diameter.

The next retort to be developed was Retort B, shown in Figure 6. Retort B

pyrolyzes the kerogen contained in the shale by utilizing an indirect mode of

heating the shale in which one stream of product gas is burned in a furnace to

heat another stream of product gas. The heated gas is then circulated through

the retort to provide the heat necessary for pyrolysis.

In June 1974, Union announced the development of still another process for

removing oil from shale. The Steam Gas Recirculation (SGR) process, shown in

Figure 7, is a modified Retort A in which the spent shale is sent to a gasifier

to produce synthesis gas for injection into the retort to provide heat for
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pyrolysis. A 3-tpd pilot plant has been operated at Union's California research

center.

Union proceeded with plans to design and construct a 1,500-tpd demonstration

retort of the SGR design and a prototype rock pump with a nominal capacity of

5,000 tpd. However, in 1975, Union announced that it would bypass the 1,500-

tpd demonstration unit and instead build a commercial facility in Colorado with

a capacity of 10,000 tpd with production of 7,000 bpd of crude shale oil. This

facility was to be of the Retort B design due to the marginal economics of the

SGR process as determined by engineering and cost studies. These plans were

postponed, however, due to the uncertain political and economic climates

present.14

In early 1977, Union announced still another process, the SGR-3 process,

shown in Figure 8. The SGR-3, a modified Retort B, adds a processing step to

utilize the residual carbon on the spent shale.

In early 1978, Union again announced plans to construct a facility in Colo-

rado. However, construction of this facility was contingent upon the creation of

the necessary economic climate by the U.S. Congress. Specifically, Union was

waiting for a $3/bbl tax credit to be passed. Then, in October 1980, Union

announced plans to begin work on a 50,000 bpd facility in the belief that ade-

quate financial assistance could be negotiated with the federal government.
16 4

Technology

Retort A, the first oil shale retort developed by Union Oil, is a direct

heated retort that utilizes the upward flow of solids and the downward flow of

gases, with heat being provided by combustion of the residual carbon remaining on

the spent shale following the pyrolysis of the organic fraction. Because the

residual carbon on the spent shale is burned, Retort A exhibits a relatively high

thermal efficiency of 83%. However, due to nitrogen dilution caused by injecting

air into the retort, approximately 40% of the energy produced in Retort A is
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contained in the product gas, having a heating value of only 120 Btu/scf. The

remaining 60% of the energy produced is contained in the crude shale oil having

the properties indicated in Table 4. Based on the Fischer assay, approximately

75% oil recovery is exhibited by Retort A.

TABLE 4

Properties of Crude Shale Oil from Retort A

Gravity, 0API 18.6
Carbon, wt % 84.0
Hydrogen, wt % 12.0
Nitrogen, wt % 2.0
Sulfur, wt % 0.9
Oxygen, wt % 0.9

Ash, ppm NA
Conradson Carbon, wt % 5.6
Flash Point, OF 192 (COC)
Btu/lb NA
Pour Point, OF 80.0
Viscosity, SUS at 100°F 210.0

Distillation, mod. Engler, OF
IBP NA
10 465
50 775
90 NA
EP NA

Retort B, the second retorting process developed by Union Oil, is the pro-

cess that will be utilized in commercial retorting plants built by Union Oil.

Retort B is an indirect heated process, using recycle gas heated to 9500 to

1,000°F in a fired heater to provide the heat for pyrolysis. 1 4 4 The process

produces high liquid yields and a high-Btu gas product. Liquid product quality

is high due to the low temperature, low residence time, and oxygen-free atmos-

phere during retorting. Some properties of the crude shale oil from Retort B are

shown in Table 5. Because the residual carbon on the spent shale is not burned,

the 69% thermal efficiency of Retort B is less than that of Retort A.

i
I
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TABLE 5

Retort B Oil Properties

Gravity, *API 22.2

ASTM, D-1160 Distillation

IBP 150
10 390
30 620
50 770
70 875
90 1,010
Maximum 1,095

Sulfur, wt % 0.8
Nitrogen, wt % 1.8
Oxygen, wt % 0.9
Fischer Water, wt % 0.2
Pour Point 60OF
Arsenic, ppm 17
Conradson Carbon Residue, wt % 2.1
Heating Value, gross, M Btu/gal 142

As shown in Figure 6, crushed and screened oil shale from the feed bin flows

through two feed chutes to a solids pump. Shale oil acts as an hydraulic seal to

maintain retort pressure and to prevent the escape of product gas from the shale

feed chutes.

The solids pump is mounted on a movable carriage completely enclosed within

the feeder housing and is immersed in shale oil. The pump consists of two 10-ft-

diam piston and cylinder assemblies that alternately feed shale to the retort.

While one cylinder is filling with shale during a piston downstroke, the other

piston is charging shale to the retort during a piston upstroke. When this

operation is completed, the pump carriage is moved horizontally until the full

cylinder comes under the center line of the retort. This cylinder charges its

shale into the retort, while the other fills with shale from the other feed

j chute. The carriage is then moved back into its original position, and the cycle

is repeated. Seal plates outboard of each cylinder close off the idle feed chute

3 to prevent discharge of shale into the feeder housing. The carriage and solids

I
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pump are hydraulically operated and rest on wheels that run on tracks during

horizontal travel.

The shale is retorted as it rises through the retort core by the counter-

current flow of hot recycle gas. As the retorted shale rises above the upper

core lip, it forms a freestanding pile. A rake rotates just above the surface

of the pile to break up any agglomerates that may form and to assist their move-

ment down the surface of the pile. The space above the upper cone is enclosed by

a dome. The retorted shale slides down chutes and through the cone wall to the

retorted shale outlets.

Hot recycle gas is introduced into the space between the dome and the pile

of retorted shale. It flows downward into the rising shale to provide the heat

necessary for pyrolysis of the kerogen. The kerogen decomposes into liquid and

gaseous products. These products flow down the retort into the lower section

where a series of vertical slots around the perimeter of the lower cone wall

provide the openings for separating the condensed oil and retort vapors from

the solids. In the disengaging section surrounding the lower cone, the liquid

level is controlled by adjusting the rate at which the oil product is removed

and gases are drawn from the space above the liquid level. Shale particles

that fall through the slots into the disengaging sections are recycled by screw

conveyors into the feed chutes.

The SGR process is a modified Retort A, in which the spent shale is sent to

a gasifier to produce synthesis gas for injection into the retort to provide

heat for pyrolysis. This process can be operated to produce either a high- or

low-Btu product gas depending on whether oxygen or air is used in the gasifier.

Oil yield from the SGR process is 100% of Fischer assay with a thermal efficiency

of 82%.

The SGR-3 retort is a modified Retort B. In this process, gasification and

combustion of the coke are accomplished, and heat from the resulting flue gas is
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transferred to a recirculating product gas stream to provide heat for pyrolysis.

By utilizing the residual carbon, the SGR-3 process exhibits a thermal efficiency

of approximately 83% while maintaining an oil yield of 1OO of Fischer assay.

The gasification/combustion step used in the SGR-3 can be retrofitted to Retort B

so that high thermal efficiencies can also be achieved in that process.

Union cites several advantages, which are summarized here, of using upward

solids flow and indirect heating: 144

* Oil liberated from the shale is forced downward rapidly toward cool-
er shale by the gas flow. This quenches polymerization reactions
that form heavy oil difficult to refine.

* Gravity assists drainage of oil away from the retorting zone and
avoids refluxing and coking of the product oil.

* Retorting takes place near the top of the retort where pressure
between the shale particles is minimal. Agglomeration and pressure
drop buildup can be avoided, and rich shales can be processed.

* The high heat capacity of the gas and high gas/solids heat transfer
rates, combined with a positive solids flow, permit operation at

exceptionally high mass velocities.

TOSCO II Process

Background

In 1952, the Tosco Corporation (formerly The Oil Shale Corporation) pur-

chased the U.S. patent rights to an oxide reduction process developed by a

I
Swedish inventor and used that process as the basis for the TOSCO I oil shale

retort. Beginning in 1955, Tosco began a developmental program that was con-

tracted to the Denver Research Institute (DRI). 10 Several patents were acquired

by Tosco as a result of early work by DRI dealing with:

* Counter and parallel flow of heat transfer solids and shale.
Fluidized bed combustion of spent shale.
Various retort gas scrubbing processes.
Ball heating processes.

. Raw oil shale preheatin;g processes.

This work led to the construction of a 24-tpd pilot plant in 1957.'I
! -
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In 1964, Tosco joined with Sohio and Cleveland-Cliffs Iron Company to form

the "Oil Shale Venture," later renamed the Colony Development Company. Because

of successful operation and favorable economics demonstrated by the pilot plant,

Colony constructed a 1,00-tpd semiworks plant in 1965. This plant was located

on private property 17 mi north of Parachute, Colorado. Field operation of the

semiworks plant continued for 2 yr, and, in 1968, a design study was completed

for a 66,000-tpd complex using six 11,O00-tpd modules to produce roughly 46,000

bpd of shale oil.

Then, in 1969, Atlantic Richfield joined the Colony Development Company, and

a second semiworks program was initiated. This second program was designed to

study scale-up procedures and to test environmental protection equipment that

was required under the provisions of newly passed federal laws. Also in this

year, the name of the Colony Development Company was changed to the Colony

Development Operation.

After modification of the semiworks plant to incorporate the new equipment,

testing proceeded until April 1972. During this period, approximately 220,000

tons of oil shale, producing 180,000 bb] of (rude shale oil, was processed.

In 1974, the cost estimate for the bb,000 tpd commercial facility was

updated. Colony subsequently antiounked a suspeitsion of picject activities and

cited economic un(ertainty and the lick (I at tedetal energy pol ty.

1974 began a period (of reoialzatnioi tu Co(iny. As a result of the

increased cost estimate and vt(orl()rnI 1|l(t ,1i litV. Sotl I, (' 'Ieve l ti-t li ts

withdraw from the operation. They wer it v I - ik A.0ilanrd ( III .in1,, !ihell (III

Shell withdrew in 1 i), t(lloweld by Ahl.iil Ii I ,. lhei, iln 11 8(, At Vlt it

Richfield's b0' intere.st InI the l jII, t wis l it h.sv, tv lxxri A , iv-

ing the present pirtn ters (it Exx,I and lo)S,,
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Technology

The TOSCO I retort is an indirectly heated retort in which hot ceramic

balls carry heat to finely crushed oil shale. The basic configuration of the

process is shown in Figure 9. Raw shale, crushed to minus in., is fed to the

retorting train and preheated to about 500'F by direct heat exchange with flue

gas from the ball heater. The preheated raw shale is separated from the flue

gas in settling chambers and cyclones and sent to a rotating drum retort. The

flue gas is incinerated within the preheat system to reduce the amount of trace

hydrocarbons in the discharge flue gas.

Pyrolysis is accomplished in the retort by solid-to-solid heat exchange

between the preheated shale and hot ceramic balls that enter the pyrolysis drum

at about 1,200'F. The balls are heated in a direct tired heater using product

gas for fuel. The rotating pyrolysis drum provides intimate contact between the

shale and the ceramic balls. Pyrolysis takes plae when the shale temperature

reaches approximately 900'F. The retort products of balls, spent shale, anil

hydrocarbon vapors pass from the pyrolysis drum to a separation vessel. The

hydrocarbon vapors are sent to further processing, which will be dis(ussed later.

The ceramic balls and spent shale pass over a rotating s(reen ,alled d trommel.

The shale, which has been thoroughly crushed during retorting, .alls through

holes in the trommel and passes to a retorting drum steam generator where it is

cooled to about 300°F. The cooled shalt- is then tnoistened to .tpp roximatel 14'k,

and sent to disposal.

The (erami( balls pass ov,,r the trommi.l and tall to a ve-. sel whet,, dust is

removed trom the surla e. The dust-tree balls sirr then I iriul.ited i , Ik t4- th

ba I heat,-r by means of a hu(kct, t ,v,itot.

Crude sha Ic oiI Irom t liti Il))) 1 pi, es, ixhiIht- Ih,. pi, i .rt IItS, 1,lI'I

iable . As with r ogen th * ,iV h, ' ., tili ,i, l ii I , . t . ,n [

higher amount ofl nl}t togf'ln than} it 'I I,..| l ' ' , il , li l" , t - It h
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noting that the Final Environmental Impact Statement for the Colony Development

Operation describes a plan to include shale oil upgrading facilities as part of

the retorting plant site. Included in the upgrading scheme are fractionation,

hydrogenation, sulfur recovery, and ammonia recovery units. As a result, the

pipeline product from the Colony plant will be a high-quality syncrude, low in

nitrogen and with a significantly improved boiling range. However, the processes

used to convert the crude TOSCO II shale oil to this upgraded product fall in the

realm of advanced state-of-the-art refining processes. As such, a detailed dis-

cussion of the upgrading techniques to be employed by the Colony Development

Operation will be deferred to the section of this report dealing with shale oil

refining.

TABLE 6

Inspection Data for Tosco II Crude Shale Oil

Gravity, 0API 21.2
Pour Point, 'F 251
Nitrogen, wt % 1.9
Oxygen, wt % 0.8
Sulfur, wt % 0.9
Carbon, wt % 85.1
Hydrogen, wt % 21.6
Viscosity, SUS

100 0F 106
212OF 39

Distillation:
5 vol % at 200 0F
10 vol % at 275
20 vol % at 410
30 vol % at 500
40 vol % at 620
60 vol % at 775
70 vol % at 850

80 vol % at 920
90 vol % at --

I The 25°F pour point is for oil that has been
"heat treated" as per conditions described by
U.S. Patent No. 3,284,336.

In general, oil yields from a TOSCO II retort are quite high, consistently

producing over 100% of Fischer assay. Hlowever, because the energy in the spent
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shale carbon is not utilized, thermal efficiencies are low. A significant por-

tion of the product gas is burned in the ball heater. The low energy efficiency

could be improved if Tosco develops, to a practical point, the processes it has

patented to burn or gasify the retorted shale, providing fuel for the ball

heater.

Superior Oil Process

Background

The Superior Oil Company has significant land holdings on the northern edge

of the Piceance Creek Basin in Colorado. The oil shale in this area contains

nodules of nahcolite (naturally occurring sodium bicarbonate) and significant

quantities of dawsonite, which can be decomposed to yield alumina and soda ash.

Because each of these products has a market, Superior developed itF retorting

technology around the recovery of dawsonite and nahcolite as well as oil.

Superior's process utilizes a traveling grate enclosed in a large, circu-

lar tunnel, depicted in Figure 10. A similar traveling grate process has been

used for many years to sinter iron ore fines and to roast lead and zinc oxide

ores. This technology was selected by Superior because of its proven operabil-

ity and because it allows for good temperature control. A high degree of tem-

perature control is c-sential to Superior's operation, as excessively high tem-

peratures can introduce complications to the recovery of alumina.

Although extensive research and development programs were conducted by

Superior prior to 1972, not until then did they announce intentions to design and

construct processing facilities to recover shale oil, nahcolite, alumina, and

soda ash. At that time, plans called for the construction of a small-scale pilot

plant, followed by a 6,000-bpd operation, and finally, for the building of a

50,O00-bpd multimineral processing plant.

Since 1972, Superior has been involved with the development of individual

recovery processes for each of the produicts. A smjll pilot plant has been
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operated in Denver, Colorado, and, in 1977, a 250-tpd pilot plant was brought on

stream in Cleveland, Ohio.

Commercial development of Superior's process was held up pending a Bureau of

Land Management (BLM) decision on a proposed land exchange. Superior's land

holdings were not in a configuration that favored large-scale development. As a

result, in 1974, Superior requested a land exchange with the U.S. Department of

the Interior, Bureau of Land Management. The proposed exchange would have

allowed Superior to exchange 2,572 acres of its land for 2,045 acres of BLM land.

The exchange, if approved, would have provided Superior-with a section of land

that was more amenable to commercial development. Approval of the proposed

exchange was delayed and by BLM review and by the preparation of an Environmental

Impact Statement. Then, in February 1980, BLM denied the exchange citing unequal

value of the two tracts of land involved.

In November 1980, Superior announced land interest trades that would permit

it to accelerate the development of a commercial oil shale facility. Superior's

partners in this venture are the Standard Oil Co. of Ohio (Sohio) and Cleveland-

Cliffs Iron Co. The project site is on private land owned by the developers in

the southern part of the Piceance Creek Basin.

Technology

The retort that The Superior Oil Company proposes to use in its maltimin-

eral processi.ig plant is a circular traveling grate, a cross-sectional view of

which is shown in Figure 11. In this process, a layer of shale that has been

crushed and screened to between k and 4 in. is placed in a continuous grate. The

grate is designed so that gases can flow through it and the shale bed. As the

shale is carried through the retort by the grate, it passes through several zones

in which it is heated, retorted, cooled, and dumped.

The shale can be heated by either of two methods in the Superior retort. In

the so-called "direct heated" mode shown in Figure 12, part of the retort gas is

_ _ _ _ ''il
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burned, and the flue gas produced is mixed with preheated recycle gas from the

shale cooling zone. 80  The resulting combination of gases produces heat-

ing zone inlet temperatures as desired between 1,1000 and 1,500'F. The heating

value of the product gas is 90 to 150 Btu/SCF, depending upon shale grade.

In the so-called "indirect heated" mode, shown in Figure 13, part of the

retort gas is burned with preheated air in a tubular furnace to heat recycle gas

to the desired temperature for introduction into the heating zone. 80  Carbon

recovery is achieved by controlled oxidation with either preheated air or oxygen.

Oxygen is used when a higher heating value gas is desired since nitrogen dilutiol.

is avoided.

The crude oil produced from the Superior retort has the properties shown in

Table 7.161

TABLE 7

Physical Properties of Superior Crude Shale Oil

Gravity, °API 18-25
Viscosity, SUS at 1001F 100-200
Pour Point, 'F 70-90
Nitrogen, wt % 1.8-2.1
Sulfur, wt % 0.7-0.9

The Superior retort is capable of producing this oil at a yield of more than

J99% of Fischer assay80 , 161 and, because some of the residual carbon is burned,

the retort exhibits reasonable thermal efficiencies, in both the direct and

indirect heated modes.

Obviously, the most significant advantage that the Superior retort has is

that it allows more than one product to be recovered from the available resource.

In addition, the Superior retort can be used to process softer shales such as

those found in Australia. These soft shales are more difficult to process in

other retorts because of clinkering and plugging. Superior also cites the proven

reliability of the basic process as a significant advantage.I
I
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Lurgi-Ruhrgas Process

Background

Lurgi was among the first engineering companies to be involved with the

pyrolysis of oil shale. In the period between 1938 and 1942, Lurgi built two

tunnel kilns that were used to process 800 tpd of oil shale in northern Ger-

many. 132  After 1942, four more of these kilns were built by Lurgi to process

Estonian shale. However, only two of these ever came on line.

In the years that followed, Lurgi developed, in conjunction with other

firms, a number of processes that were used to process coal and oil shale.

Among these were a low-temperature carbonization process (the Lurgi-Spiihlgas

kiln), a batch process used to retort moderately sized lumps of oil shale (the

Lurgi-Schweitzer process), a continuous process that utilized an inclined oscil-

lating grate (Hulofen), an in situ process, and a process that retorted oil shale

in piles.
16 1

In the 1950's, Lurgi was involved with the development of a fluid bed retort-

ing process called the Rohrbach-Lurgi process. In addition to recovering energy

in the form of shale oil, this process burned the residual carbon on the shale to

generate steam and electric power. In 1960, two plants using this process were

built in Dottenhausen, West Germany. These plants were capable of processing

720 tpd of raw shale feed and of generating 6,000 kw of power. These two plants

are still in operation.1
3 2

Also in the 1950's, Lurgi and Ruhrgas AG developed a process for the devola-

tilization of coal fines to produce a high-Btu gas. The heat carriers for the

process were pebbles and Mullit balls, and the residual coke fines from the proc-

ess were fired in a steam boiler. Primarily due to the unfavorable economics of

using the balls as heat carriers, the process was modified to use the fine-

grained char instead. This modified process was tested for several years in

S- to 10-tpd pilot plants, being used primarily for the devolatilization and

jl
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gasification of various coals and also for cracking heavy-liquid hydrocarbons to

produce olefins and town gas. The process was applied commercially in many coun-

tries.132

To demonstrate the applicability of the Lurgi-Ruhrgas process for oil shale,

Lurgi conducted a number of pilot-plant tests. In 1967, tests were conducted

involving the retorting of about 50 tons of Colorado oil shale over a l-wk period

and, in 1968, a second set of tests was performed in which about 240 tons of

Colorado shale were retorted over a 3-wk period. The shales had Fischel

of 27 to 33 gpt, and recovery during the runs was over 100% of Fischer assay. 161

Technology

The Lurgi-Ruhrgas retorting process, shown schematically in Figure 14 util-

izes solid heat carriers to provide the necessary heat for pyrolysis. 16 1 Raw

oil shale, crushed to approximately minus k in., is fed to the screw mixer where

it is mixed with six to eight times that quantity of hot solids from the collec-

tion bin. The temperature of the raw shale increases to about 500'C within a few

seconds, effectively pyrolyzing the organic matter in the shale. The hot spent

shale exits the screw mixer and falls to the lower section of the lift pipe where

it contacts combustion air that has been preheated to about 450°C in the waste

heat recovery portion of the process. The solids are lifted up the lift pipe by

the combustion air while, at the same time, the carbon residue is burned off the

spent shale. The gas/solid mixture separates in the collection bin after having

reached a temperature of about 650'C. The heated solids are then mixed with

incoming raw shale, and the cycle continues. Excess solids are removed from the

system after having been burned in the lift pipe. In this way, all of the fuel

available in the raw shale is either produced as product oil or is used in the

process, as is the case with the residual carbon.

The off gas from the collection bin passes through a series of dedusting

and waste heat recovery units in which the energy contained in the hot gas is

I
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used to generate steam and to provide the heat necessary to raise the temperature

of the combustion air entering the lift pipe to 450 0 C. Any solids removed from

the off-gas stream are combined with the spent shale stream from the collection

bin and are sent to a mixer to be moistened with water before disposal.

The dust-laden hydrocarbon vapors from the screw mixer are sent to a pair

of series-connected cyclones where most of the dust is removed and then returned

to the circulating solids stream. The vapors are then sent to a series of three

scrubbing coolers in which the oil vapors are condensed in stages to form three

liquid products: heavy oil, middle oil, and gas naphtha. The properties of

these three oil products are given in Table 8.10,132

Oil recovery from the Lurgi-Ruhrgas process is very high, consistently

er:ceeding 100% of Fischer assay. In addition, the thermal efficiency of the pro-

cess is high, as all residual carbon and oil remaining on the shale is burned

and the resulting heat is utilized in the process.

TABLE 8

Shale Oil Analysis from Lurgi-Ruhrgas Process

Heavy Oil Middle Oil Gas Naphtha

Yield, vol % 21.0 67.0 12.0
Gravity, *API 16.5 41.9 70.9
Viscosity at 50°C, cP 98.0 1.25 NA
Ultimate Analysis

C, wt % 85.6 85.5 84.2
H, wt % 10.7 12.5 13.2
S, wt % 1.0 0.7 NA
N, wt % 1.5 0.5 NA
O (balance), % 1.2 0.8 NA

Modified In Situ Processes

There are currently two projects in the United States using modified in situ

(MIS) technology to recover oil from oil shale. Because the MIS technologies

being used at federal lease tracts C-a and C-b are distinct, descriptions of each

are presented.
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Occidental Petroleum Corporation (Oxy) has developed an MIS technique that

is currently being used at Tract C-b. Briefly, the Oxy process involves mining

approximately 20% of the retort volume to form a cavern at the bottom of the

retort. The remaining 80% of the shale is then explosively rubblized, filling

the retort with broken shale and distributing the 20% void space over the

entire volume of the retort. To retort the shale, a small amount of outside

fuel is ignited at the top of the rubblized shale to heat it to about 900*F.

After a specified amount of shale has been heated, the burners are removed, and

combustion is continued by injecting air into the top of the retort and burning

the carbon residue left on the shale after it has been retorted. This process is

similar to direct heated surface retorts, such as the Paraho process, except that

the shale bed is fixed, and the combustion zone moves. The combustion zone

advances down the retort preceded by the retorting zone in which kerogen is pyro-

lyzed. The resulting hydrocarbon vapors also move down the retort, condense when

they contact as yet unheated shale, and the resulting liquid flows down the

retort to a sump from which the oil is pumped to storage.10 The sequence of min-

ing, blasting, and retorting is shown in Figure 15.

Oxy's field test program began in 1972 on its D.A. shale property located

at Logan Wash at the southern edge of the Piceance Creek Basin. Six retorts were

rubblized and burned, with approximately 94,500 bbl of shale oil produced. A

summary of the size and oil yield of each of the six retorts is presented as

Table 9.
1
07 Parameters that were studied in these field tests include the effect

of void volume changes, blast pattern, and retort height and cross-section.
10
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TABLE 9

Occidential In Situ Retorting Experiments

(As of July 1979)

Size Oil Yield
Retort ft bbl

IE 31 x 31 x 72 1,200
2E 32 x 32 x 94 1,400
3E 32 x 32 x 113 1,600
4 120 x 120 x 257 32,000
5 118 x 118 x 167 11,300
6 162 x 162 x 269 47,000

In November 1976, Occidental entered into an agreement with Ashland oil

whereby Oxy gained a 75% interest in Federal Lease Tract C-b in exchange for the

use of its MIS retorting technology on the tract site. Two years later, in

1978, Ashland withdrew from the operation at C-b, leaving Oxy in full control.

Then in 197q, Tenneco Oil Co. purchased a half interest in the lease for $110

mill ion.

Oil produced from the Oxv MIS process exhibits the properties shown in

Table 10.10 In general, it is a lighter oil with slightly less nitrogen and

about the same amount of sulfur as crude shale oil from surface retorts. How-

ever, the yield from Oxy's MIS retorts is substantially less than that of surface

retorts. The most favorable yield f igures have been only about 60% of Fischer

assay versus 90% to 100% or more for surface retorts. 9 6 The trade-off lies in

the tact that although the yield from ()xv's MIS retorts is lower than that from

surta e retorts, I)xy does not require a large capital investment in the form of

sut'i( e fa I itl es. For example, although some surface retorting of shale wil'

jtake pl)al(' ard equi)pmVtnt will have to he purchased for this purpose, Oxy will not

hive ti. a(quire as m h equ ipment, as it will he processing a significantly

1m,1ller ,jmou t ()t sltll, ion the surfa(e. This reduced capital investment makes it

I , Ibl I () I ()xy t oeWrate pro)it ab lv wit Ii a reduced oiI yield from the MIS

rvt (rt s.



COLORAOO SCHOOL OF MINES RESEARCH INSTITUTE 51

TABLE 10

Properties of Shale Oil from Occidental In Situ Process

Gravity, °API 25
Pour Point, *F 70
Viscosity, SUS at 100°F 70
Nitrogen, wt % 1.5
Sulfur, wt % 0.71
Carbon, wt % 84.86
Hydrogen, wt % 11.80

The second oil shale project utilizing MIS retorting technology is being

conducted at Federal Lease Tract C-a by the Rio Blanco Oil Shale Company, a gen-

eral partnership of Gulf Oil Corporation and Standard Oil Company of Indiana

(Amoco). Rio Blanco had first intended to develop Tract C-a using surface tech-

nology, but economics dictated that the tract be developed using a MIS approach.

The method selected was the Rubble In Situ Extraction (RISE) method developed by

Lawrence Livermore Laboratories.

In the RISE method, a portion of the oil shale is removed by underground

mining, and the remainder is rubblized and retorted in place. The rubble is

created by a continuous mining process, using a modified sublevel caving method,

with removal of approximately 20% of the oil shale. 16 Retorting is performed by

the same technique employed in the Oxy MIS retort.

Although the RISE method was originally proposed for use by Rio Blanco on

Tract C-a, it is currently developing the tract using its own process, which

has benefited from technical information acquired under a leasing arrangement

with Oxy. In the revised process, approximately 40% of the shale is mined out,

and the remainder of the retort is blasted sequentially at different layers.

Each layer falls to the bottom of the retort before the next higher level is

blasted. By using this technique, Rio Blanco hopes to obtain uniform size dis-

I tribution in the rubble, an essential part of efficient MIS retorting. 141

Rio Blanco's first test retort, Retort 0, is about 30 ft on a side and 16b

ft tall. It was ignited on October 13, 1980, and is expected to burn for about

I
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9 wk before retorting is completed. For this reason, figures are not yet avail-

able concerning the quality of the shale oil product. However, because the

retorting procedure itself is similar to that used by Oxy, the oil product will

likely exhibit properties similar to oil from the Oxy MIS process (see Table 10).

Other Processes

The previous sections presented detailed descriptions of the six retorting

processes that are the closest to being used commercially in the United States.

However, there are other processes that either are not at the same level of

development or are being used in countries other than the United States. Brief

descriptions of these other processes are presented in the following section.

The Nevada-Texas-Utah (NTU) retort is a batch unit utilizing combustion of

the carbon residue on the shale to provide heat for retorting. The unit was

developed and tested for oil shale processing by the NTU Co. in 1925.

Subsequent testing by USBM took place from 1925 to 1929 and again from 1944 to

1951.10, 141 More recently, 10-ton and 150-ton NTU retorts have been used at

the Laramie Energy Technology Center in Laramie, Wyoming, to investigate many of

the parameters associated with in situ retorting.

The series of events that occur in the NTU retort ar- depicted in Figure

160 39  Shale is charged to the retorting vessel from the top, and the vessel

is sealed. A gas burner is used to ignite the top layer of shale in the retort,

and air is blown into the retort at the top to support combustion. Once the

shale is burning, the gas burner is shut off. Air flow continues through the

retort to provide oxygen for combustion and to sweep the oil mist that is pro-

duced. The hot gases serve to preheat the cool shale in the bottom of the

retort. Pyrolysis of the kerogen occurs in the zone just ahead of the combus-

tion zone which residual carbon on the shale is burned. Recovery of oil

from the NTU retort ranges from 60% to 90% of Fischer assay. However, the high

labor costs associated with this batch unit make it unsuitable for commerc ...



COLORADO SCHOOL OF MINES RESEARCH INSTITUTE 53

0I
0

uJ z

LL z 0 0l
w 0

CID)

z u,

z 0
U. 0

0 V)
Ix I

0 0)

a w

-w
z Z0 0 z Zcr w 4



COLORAOO SCHOOL OF MINES RESEARCH INSTITUTE 54

application. In addition, over 600 150-ton retorts would be required to produce

50,000 bpd of crude shale oil.
14 1

In 1949, a design and construction effort was initiated to construct a

retort that would incorporate all of the parameters thought to be necessary for a

successful retorting unit. These parameters were:

Direct heat transfer from a gas stream to a bed of crushed shale.

Gravity flow of shale through the retort.

Internal combustion of residual carbon to provide the heat necessary
for retorting.

The resulting design, construction, and revision effort led to the construc-

tion of the first Gas Combustion retort. Further revisons led to the develop-

ment of a more refined unit with the configuration shown in Figure 17.10 Testing

continued from 1949 to 1955 and again from 1961 to 1967. Many variables were

tested during these periods, and the results were encouraging enough that the

Paraho process was designed based on the work conducted with the Gas Combustion

retort. 141

The Gas Combustion retort operates in the same manner as the Paraho direct

heated retort described above. A typical temperature profile for the Gas Com-

bustion retort is shown in Figure 17.

Two retorting processes have been developed jointly with each other in the

Soviet Union. These are the Kiviter process, shown in Figure 18, and the Galoter

process, shown in Figure 19.10 The Kiviter process is a vertical kiln retort

in which crosscurrent and countercurrent flowing hot gases provide heat for a

downward-flowing bed of shale. The hot gases are a combination of directly

injected recycle gas in one stream and burned recycle gas in another stream. The

Kiviter process is designed to retort shale in the size range of 1 to 5 in. and

is said to recover 75% to 80% of Fischer assay as an oil with the properties
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indicated in Table 11. The oil described in this table is from a 40-gpt Baltic

shale that varies significantly from U.S. oil shales.

TABLE 11

Typical Properties of Crude Shale Oil Produced in

Kiviter Retort
(Baltic Shale Feed)

Density at 681F, g/cm 3  1.01
Viscosity at 167 ft, Engler 4.5
Pour Point, *F 5
Coking Value, % 8

Phenols, wt % 2.8
Calorific Value, Gross, Btu/lb 17,100
Distillation, vol %

Initial B.P., 'C 190
2000C 1
2500C 6
3000C 21
3600C 45

Elemental Composition (dry basis):
Carbon 83.3
Hydrogen 10.0
Sulfur 0.7
Oxygen plus Nitrogen 6.0

100.0

The Galoter process is an indirect heated process resembling both the TOSCO

II and the Lurgi-Ruhrgas processes. The Galoter process complements the Kiviter

process in that it processes shale less than 1 in. in size. Dried raw oil shale

is mixed with the hot spent shale heat carrier and is sent to a rotating reactor

where the temperature of the raw shale is increased to approximately 960'F. The

kerogen is pyrolyzed, and the oil vapors are carried to a condenser. The hot

spent shale goes to an air-blown fire box similar to the lift pipe of the Lurgi-

Ruhrgas process. In this fire box, the carbon is burned off the shale to recover

the energy available. A portion of the resulting char is used to heat incoming

raw shale, and the rest is sent to a waste heat recovery process. The Galoter

process reportedly recovers 85% to 90% of Fischer assay from the same Baltic

shale used in the Kiviter process. The properties of this oil are shown in Table

12.
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TABLE 12

Properties of Crude Shale Oil from
Galoter Process

(Baltic Shale Feed)

Density at 681F, g/cm 3  1.01
Viscosity at 167 ft, Engler 4.5
Pour Point, 'F 5
Coking Value, % 8
Phenols, wt % 28
Calorific Value, Gross, Btu/lb 17,010
Distillation, vol o

Initial B.P., IC 190
200 0 C 1
2500C 6
300 0 C 21
3600C 45

Elemental Composition (dry basis):
Carbon 83.3
Hydrogen 10.0
Sulfur 0.7
Oxygen plus Nitrogen 6.0

100.0

The Petrosix process was developed by the engineering staff of the Brazilian

Petroleum Company (Petrobras) for processing Irati and Paraiba Valley shales.

The Petrosix process, shown in Figure 20, is the forerunner of the Paraho indir-

ect heated retort that uses externally heated recycle gas to provide heat for

retorting. The processes are very similar, and the description of the Paraho

indirect heated retort illustrates the operating details of the Petrosix retort.

The oil product from the Petrosix retort exhibits the properties indicated in

Table 13.10 Of parti'utlar interest is the higher sulfur content and the signifi-

cant ly lower nit rogen toutcuit ot the crude o I from the Petrosix retort.

'TAB I,E I I

Propert I es () t Crude Sha I Ie I I trom P'et ros ix Process

le,,ns it v, ''AlI q.
l) iolet Ir , wt 1 1] .0
S11 If Ir , wt ", I (Oh

Nitrogen , wt ';,, 0.85
!'.1ral fI II, ,l 0 O.O0-
lailin ~tIt , 1 " 0.0,
Anti I tIne Pt I ' 8"

VIo s t ,s t )I 0°2 (5nt istokv', 2(),70!
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The Geokinetics process, an example of true in situ (TIS) retorting, uses a

fracturing technique called surface uplift in which an explosive is injected

into several wells and detonated to fracture the shale and to make it permeable

to fluid flow. 14 1 The shale is ignited by injecting air and fuel gas through one

well, and the kerogen is pyrolyzed by the hot gas stream that flows through the

shale bed. The primary use for the Geokinetics process lies in the development

of the shale deposits that are covered by less than 100 ft of overburden, such as

those in the Uinta Basin of eastern Utah.

The sections presented above d.l not exhaust the supply of retorting tech-

niques that are in various stages of development. However, they do present exam-

ples of the basic types of retorting techniques that are either in advanced

stages of development or are being considered for use in commercial oil shale

development operations.

Effects of Selected Retorting Variables

Each retorting process described in the previous sections produces an oil

that is unique to that process. Operating parameters, such as retorting tempera-

ture, pressure, shale grade, and shale particle size, combine to make the combin-

ation of yield and quality of oil product from each process slightly different

from that of every other process. However, just as in other processing systems,

there exists a set of retorting parameters that can he used to predict the effect

that changes in operating conditions will have on oil yield and quality.

One such operating condition is the temperature at which retorting is con-

ducted. A temperature of OO04 is geniual ly (onsidered to be that at which

retorting takes place. However, ( , I ( in he ohta i ned from shale at temperatures

below 900'F. The penalty for retort ing it lower temperatures lies in the quan-

tity of oil that can be deri Vel I rm a i vei grade of shale. Table 1410,63 shows

the effect of retortinrg temperi a|t ,re,' i I vi ld. In general, one can assume
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that the lower the temperature at which retorting is conducted, the lower the oil

yield that can be expected for a given grade of shale.

TABLE 14

Effect of Temperature on Oil Yield

Oil Yield University
University of Utah

Temperature Pressure Duration of Utah Fischer Assay % of

Test °C OF psig hr wt % wt O Fischer Assay

D-4 331 628 0 550 4.0 11.9 33.6
D-5 347 657 0 425 4.8 11.9 40.4
D-19 353 667 0 159 4.3 11.0 39.1
D-7 364 687 0 312 6.0 11.4 52.6
D-22 395 743 0 71 7.6 10.6 71.6
D-16 399 750 0 86.5 8.0 11.0 72.8
D-17 420 788 0 38 8.8 11.0 80.0
D-10 427 801 0 37.5 8.9 11.4 78.1
D-14 427 801 1,000 14.7 8.6 11.8 72.9
D-1 500 932 0 13.5 7.6 8.2 92.6

Retorting temperature also plays a role in determining the quality of the

oil that is obtained from a given shale. Table 15 10, 63 shows the effect of

retorting temperature on oil gravity and pour point. In general, a lower retort-

ing temperature produces a higher API gravity and lower pour point oil product.

This phenomenon is explained in two parts. First, the collection of oil product

from shale involves the decomposition of the kerogen in the shale to an oil and

gas product. The oil is subsequently vaporized, and the gas and oil vapors are

swept from the retort. A lower retorting temperature will result in only the

light fractions of the oil being vaporized, swept from the retort, and collected

as oil product. This product, as it contains only the light ends, will have a

higher API gravity and lower pour point. As the retorting temperature is

increased, heavier fractions of the oil in the retort will be vaporized and col-

lected. This will result in a product with a lower API gravity and a higher pour

point.

MENEMT-_
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TABLE 15

Effect of Temperature on Oil Quality

Fischer Assay
Temperature Specific Gravity Gravity Pour Point Specific Gravity

Test OF gm/cm3  OAPI °C gm/cm3

D-4 628 331 0.822 40.7 -40 0.911
D-5 657 347 0.823 40.5 -45 0.911
D-19 667 353 0.828 39.4 -23 0.914
D-7 687 364 0.817 41.6 -18 0.912
D-22 743 395 0.838 37.4 -20 0.910
D-16 750 399 0.828 39.4 -23 0.914
D-17 788 420 0.832 38.6 -20 0.914
D-10 801 427 0.888 27.7 -5 0.912
D-14 800 427 0.814 (1,000 psig) 42.3 -22 0.903
D-1 932 500 0.852 34.6 10 0.907
D-2 968 520 0.859 33.5 0 0.907

The second part of the explanation for higher quality oil at lower tempera-

tures involves the process of thermal cracking. Cracking is a phenomenon by

which large oil molecules are thermally decomposed into smaller, lower boiling

molecules.1 0 6 At the same time, some of the more reactive molecules combine with

one another to yield even larger molecules than those in the original material.

A portion of the product from a retort in which cracking is taking place will be

a shorter chain, lower boiling product, but as the retorting temperature is

increased or the residence time at the elevated temperature is increased, the

overall quality of the resulting oil product will be reduced. Table 16 shows

this effect as it relates to a gas oil from conventional petroleum.'0 6  The

principle also applies to shale oil.

I
I
!



TABLE 16

Crackin g Tests of Emba (Russian) Gas Oil

Gravity, 0 API '.,Proximate
Yield] wt % Cracking t.,-.cterization

Time Below Atter Stock and Factor
No. of min at 2000 C 3500C Recycle Below Above Recycle

0peration 450'C (392°F) (672°F) Oils 3920F .Oils Gasolines

1 42 28.7 10.5 30.81 58.2 10.6 11.4' 11.9
2 52 21.3 8.6 28.2 52.5 1.052 11.2 11.6
3 75 16.3 7.9 23.8 46.0 1.1162 10.9 11.2
4 101 12.1 10.3 19.2 38.4 1.7772 10.5 10.8
5 101 3.9 12.4 15.4 37.1 1.1572 10.3 10.6
6 160 8.0 19.0 14.5 30.6 1.2432 10.2 10.3

1 Emba gas oil (uncracked).
2 Specific gravity.

Cracking can also be a result of the retort configuration and the grade of

f the shale being retorted. In a typical vertical kiln retort, the products of

pyrolysis pass through a cooler zone of raw shale. If these products are very

f rich in shale oil, some of the oil will tend to condense before leaving the

retort. The condensed oil will then flow back down the retort into a zone of

Imuch higher temperature in which it will revaporize and thermally crack into

shorter chain molecules. The same polymerization process described earlier also

occurs, and thp overall result is a poorer quality product.

jAnother parameter that has an effect on oil yield and on quality is the

retorting rate, or the rate at which the shale is heated to yield liquid and

1gaseous products. Tests conducted with shale samples containing 10.1, 25.6, and

1 49.4 gal of oil per ton of shale showed that increased heating rates result in

reduced yields of liquid and gas products and poorer product quality. 6 In these

tests, the effect of increasing the heating rate from 40 C/min to 40'C/min was a

23% decrease in the yield of liquid and gas products. In addition, a higher

heating rate favored the formation of higher boiling components in the product

oil. Other researchers have noted that preheating the shale at a temperature

far below that at which retorting occurs causes a significant reduction in oil
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yield it the preheating is carried out in) air. 2 5 Five-day tests at 120'C showed

a 19% reduction in oilI yield compared to a sample that had niot been preheated,

and 25-day tests at 120'C showed a '34% reduction in oil yield. However, preheat-

jing in an inert atmosphere at the sane temperdtiire ind] tor the same length of

time had no effect onI oil yijeld. Thel( oil product from preheated shale was a

heavier product that exhibited signi ficantlyv higher aromaticity than the unpre-

j hea ted shale. Table 17 shotws a altp~ii is ci oI t he c umpos ition of preheated and

unpreheated shale.

.\u~iI s i f iiI SPil hr (

o 1 1rri 1 1t Sh i tIat el 10 C

Saturates 1
0 le ti its 4IS -40

A roina t ics )2

The ambient dIi fferences bet eetopera tI fig cnoi I tI tis of sur face anid i n situ

I oil shale retorts cause notable (I I f e reitres be tweti thle p rope rL ies of the oil

products from these two processes. Crulde ShA I i Is p~roduced by in situ com-

bust ion retort inrg of Grceen River oil shalhe io rina i V have higherc AN~ gravities anid

lower viscos it ies an(i pour points thati criude shale oils produced in NTU or gas

combustion retorts. III si tii l rube shaile oi Is ilsu conrta in aI much higher piercent-

Iage of material boi Iling below, I 000"I' .

g '[The preceding discuiss ion is uit efnded to sfteve Inl s a gulile nil determininrg

the e ffect that Itaulgvs Ill V;11 p"a p r ') r irist Iis wi I I hatve oil o I I yieOld

anrid quaIi ty . Eat b ret it inrg p'r'' -;- hea itig d~l Iojptl 1,I riit I'll1 Z iz ti in the

United States, coruhiies thtese ptunt i iiiliereit ways to mlaxi ize the tottalI

benefit gained tri c iii dr'stIjl it

This means thliiiptitIii tlIii' l if( 111.teld so that concessionis alre

ma( n oeI(II(i 1, 11 11 (n n a o h r
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sac ri ce inI oil I(qua I itLy may l ead t o i lirea1Sed p rocu L t 1 oni and ani ojve-ral icreas e

in the return on investment .IHoweve r, a dec rease Iit the qual lIt of the crude

shale oil product does not lie essar liIy imipl y thati a c orrespond inrg decrease in the

quality of the f inalt fuel pioduc t,-swi I I result . 't following section, which

deals with shale, oil upgrading and ref incing techniques, wil1l show that, given the

proper p roces sing equ iplient , niHe (,in a chieve aIlmo st any des ired l evelI of quali t y

in the final pr-oduct-s derived fromoin a trtiuii rI ed iiteria I.

SHALE_0O1,_UPGRADING AND) REFINING

The product ion of t rarisportat ion fuels f ront shif, oil lias been the sutiject

of several extenisive research projects, anid the resuilts have indi-cated that a wide

range ot high-qua I tv fuels i(a;m he prodlcicet Icoin slia Ic oil using exliniig tec-

nology . The particular nocessinrg schemie used cioptiidL; large lv onl the pirope rt i s

of the feed material , the des i ied producti slate, anid the celloice-d i~rcoluct qjuaI-

i ty. The fol lowiuiit sect Ionis wi) illst, iss ShAJ e ol Icpripect Its, Ohich tenid to

dictate the proc es , g si liere to he uise clit ev i ilSs ca i (- ft ot s nreciring

the ref ining of sha ie oilI into t ~i is-Ii t it)ii fuiel s . -liii tile caixihir l I tii's 1 I.S

ref inreries to c in vot-t sfii Ic a oi I ito h tgih-quii I it v t ic s o ta't i tfi'

Sh'i 1c iii 1 1 IP r j ' ())-I t

C rude ShIa Ic U (i I 111 I oivOcIit I Oni1 pct roI ii iii iert h(it Iii I dic hivdroca choi nia te-

c i a I s , wit I (hI , w I t It sc i t I t'j p) 1 n cS 1) , ii k" 11 1( t 1.1 1-In I-mit I (I t I si t Ic la ge o

I le Is . The pacrt i I iii, I cIr 1 1 oka'95 i ri i ic'ict mIc Lph1: .(it c , Iit 1c, iin tihe p i pirt i Is fc

the feed natecri I heil~ rri cccc0scI . . I" ic-i i rcc\' kp' A it ,11 liii c Irt r to

(('55 cOnvelit itocl l p tr1fice Iii int t cI t -,,( .I i ~c , s c c 't- 'c t cic

t iocis that have h rc it (i t 5 i u c s I I[ ht I cI !t 111 : 1 1v fIor cii.m1n\ IVe IrI

However, they arc iccw it ili jv tcciii .! n ci'-O' i,tfn.iis with the pIhys I -

c)jI] arcce, iii socict, .i~c: * i- i c2 I t i t i t cc ciiii ti I c lI t icictc'

muicd, us i re!u I t , i cc ii .i iiic . cc t . -c i I ii I cIc I cI sc it j
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comparison of some conventional crude properties with those of shale oil produced

by various retorting methods. 2  
1), 53 As shown in the table, the properties of

crude shale oils differ markedly from conventional crude oil ini the areas of pour

point and nitrogen, arsenic, and iron content.

For conventional petroleum crudes, the pour point, in 'F, is considered a

rough indicator of the relative paraffinicity and aromaticity of the crude. 5 4

However, in a more practical sense, the pour point is an indication of the

"pipelineability" of the crude oil. For example, conventional petroleum crudes

having a pour point of less than 15'F can easily be transported from production

areas to refining centers through unheated pipelines. Crude shale oils, on the

other hand, have a pour point of 60°F or more and, therefore, are not as amenable

to transport through unheated pipelines. If the crude shale oil is to be trans-

ported to refining centers via pipeline, the pour point must be reduced to a

level such that the shale oil (an be more easily, and less expensively, pumped

through the pipeline. Solutions to this and other problems are discussed in the

following sections.

The nitrogen content ot crude shale oil is another property that differs

significantly from conventional crult ouL. Table 18 shows that the nitrogen con-

tent of a typical crude shale oil is an order of magnitudo greater than that of

conventional petroltnm crud's. This h ivh (ouc,,trcititii et rtltrogen presents a

particular problem to r fiiers ill that [it Igw )Ii'illrils a t is poisons to the

catalysts used in telormini t ()I ( n1I)l2 ('I'(- I ing, I; it i , itld es t it excess ively

high rates ol catalvst lee( t ivit ,)1. ' ,. 1r i l l -,tit ll lddi-

tionail lpro)b tem ill th it lth, it l ';', , I ' , !, !, {I I , , > lr b ) e to) P'ul

torma i I t i i iB i itti [ I lit tiit I 5i l' I I')I V tI li [ I on he t r-e

j~h I ig ( o llllflf -(1.I ' h : : J , t l 11 1 1 1 1 1 1 1 ) 1, .t t l l I lta r i it!

whi m ay t e st, o,,1 , I,) r i of it I , , Iti . ',' 1\ I g it.
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Arsenic and iron are two more crude shale oil components, which are present

in concentrations significantly greater than are observed in conventional crude

oil. They also act as reforming and cracking catalyst poisons because of their

affinity for the metals (platinum, cobalt, nickel, etc.) that form the active

sites of these catalysts. They also have a strong affinity for the metals con-

tained on the catalysts used to remove nitrogen from crude shale oil. 3 4 Figure

21 illustrates the relationship between the activity of a nickel-molybdenum

catalyst used for shale oil denitrogenation and the amount of arsenic-laden shale

oil treated in tests performed by the Atlantic Richfield Company.a 4 As shown,

there was a significant difference between treating raw shale oil and dearsenated

shale oil. Figure 22 illustrates the effect that the drop in catalytic activity

had on product oil quality for the same series of tests. Clearly, any arsenic

present in the crude shale oil that is fed to catalytic upgrading operations will

have deleterious effects on the catalyst used in those operations.

Another difference between the properties of crude shale oil and conven-

tional crude oil is the distillation range observed for each of the two oils.

Figure 23 illustrates the difference betweet the distillation range of crude

shale oil and of conventional crude oil. 90  The shale oils were produced from

Utah shale by the Paraho direct heated and Union "B" retorting processes. This

figure shows that, while convent iotil crude o11 contains a greater amount of

low-boiling material which c;an be ret ined to gasoIine, it also (ontains a greater

amount of high-boiling residumi. The distillitit n rajnge of shale oil is restuic-

ted to that of material that is normally refined to distillate fuels such as et

and diesel fuels. Figiire 24 shows a similar comparison between conventiorial

crude, shale oil, and other synthet ic crude oi Is. 4
"

There are other diflft rejices between the hisi al and chemi(,il properties of

crude shale oil and conventional (rude oil, but the properties discussed above

are generally regarded as those reqIiiiring ditlerent processing of the two oils.

6
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The next section describes a few of the processing operations that have been used

or postulated for use to convert shale oil into transportation fuels.

Decription of Unit Operations

Understanding the processes used to upgrade or refine shale oil and their

impact on product quality and yield is important. The following are descrip-

tions of the techniques used either to upgrade the crude shale oil to a high-

quality synthetic crude or to refine the crude shale oil to finished fuels.

Additives

The use of pour point depressants to increase the ease of raw shale oil

transportation has proven successful in some instances. However, a particular

chemical that works well with one type of shale oil may not work at all with oil

from another retorting process. Furthermore, the addition of pour point depres-

sants does not improve the chemical characteristics of the oil, and thus the cost

of the additive must be recovered solely in the savings in transportation

charges.

Another material that may be considered a blending agent is conventional

petroleum. Because shale oil from Colorado will be produced in the same geograph-

ical location as existing petroleum reserves, the possibility exists that the

lighter petroleum crude could be mixed in appropriate proportions with crude

shale oil to form a transportable product. The viability of this concept highly

depends on the changing economics of the refining industry, as the resulting

shale oil/petroleum crude product would perhaps not be as desirable a feedstock

as the petroleum crude alone. While the unit value would be less, the increased

volume may offset the disadvantage. Only a thorough economic evaluation could

determine the economic trade-offs of the concept.

Visbreaking

Visbreaking involves heating the crude shale oil to approximately 900' to'I 9801F and maintaining this temperature for several seconds to several minutes.

'I _ __"II ~ -i -" ..
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The hot oil product is subsequently cooled, and the gases are separated. During

the process, little or no reaction occurs to reduce the content of nitrogen, so]-

fur, or oxygen in the oil. Therefore, the primary result o. the process is pour

point and viscosity reduction. This technique, if applied to crude shale oil

with a pour point of 850 to 90'F would probably produce an oil with a pour point

of approximately 450 to 50°F.'02

Coking

Coking involves heating the feed to 900' to 980°F and then charging it to

another vessel in which thermal dec-mposition occurs. If the oil is charged to a

coke drum, it is called delayed coking. The coke is allowed to build up to about

two thirds of the drum volume, and then the feed is switched to another drum

while the coke is cleaned out of the first vessel.

The hot oil can also I - charged into a fluidized bed of coke particles. In

this "fluid coking" process, the coke particles become coated with oil, which

then decomposes to yield gases and another layer of coke. The gaseous products

are recovered from the vessel, and the coke particles can be withdrawn at a rate

sufficient to maintain bed inventory.

A process known as flexicoking, developed by Exxon, involves conventional

fluid coking followed by gasification of the product coke. This would represent

a valuable use of the coke product, but tests would have to be conducted to

determine if the coking characteristics of crude shale oil would be appropriate

for the use of this technique.

Catalytic Troat i n_ _(Hydrogenation)

Catalytic hydrogenation processes yield the highest quality products but

also are very expensive. During this process, the sulfur is converted to hydro-

gen sulfide, the nitrogen to ammonia, the oxygen compounds to water, the unsatu-

rated hydrocarbon chains to paraffin homologues, and the long-chain molecules to

shorter chain molecules.

= , - I . .... . , r. .. . . . . I I 
p L ¢ ' ' ' *'
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The hydrogenation reactions can take place in a fixed bed reactor through

which a mixture of partially or totally vaporized oil and hydrogen is passed.

The reactions may also occur in a fluidized bed reactor or an "ebullated" bed.

The latter technique has been proposed by Hydrocarbon Research, Inc. (HRI) in

their H-Oil process, which has been successfully used on heavy petroleum feed-

stocks and residuum fractions. In this process, a liquid-gas mixture is injected

into the bottom of the reactor at a sufficient velocity to cause catalytic

motion, or a "boiling" of a bed. This movement of the bed minimizes the poten-

tial of bed plugging due to formation of tars and coke. It also allows spent

catalyst and coke to be removed and fresh catalyst to be added to maintain active

bed inventory.

The operating limitations of the hydrogenation reactor will dictate the

allowable composition of the feedstock. Fixed-bed reactors would most likely be

used to hydrotreat streams from an initial shale oil fractionator, whereas the

fluid or ebullated bed processes could operate either on fractionator product

streams or on whole shale oil.

Distillation

Distillation is a process by which the feed shale oil, either crude or par-

tially upgraded, is separated into fractions according to boiling point so that

subsequent processing units will have feedstocks that meet their particular

requirements. The higher boiling fractions such as gas oils (6501F+) are

removed from the lower portion of the distillation column, while progressively

lower boiling fractions such as middle distillates (3500 to 650'F), heavy naph-

thas (900 to 180 0F), and uncondensed gases (90°F-) are removed from progressively

higher locations in the column. Each stream is then sent to a processing unit

designed to handle feedstocks of that boiling range to produce fuels with the

desired characteristics. If changing the boiling range of the material being

fed to a unit is necessary, the operating onditions of the distillation column

.
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can possibly be changed such that the boiling range of any given stream is broad-

ened, narrowed, increased, or decreased. In general, the flexibility of the

distillation column makes it one of the first processing units used to refine the

crude oil into finished products.

Catalytic Cracking

Catalytic cracking is the most important and widely used refinery process

for converting heavy oils into lighter products. 54  The catalytic cracking

processes in use today can all be classified as either moving-bed or fluidized-

bed units. The moving-bed units, of which the Thermofor process is an example,

use catalyst beads or cylinders approximately 1/8 to 1/4 in. in diameter while

the fluidized-bed units use catalysts with an average particle size of about 50p.

In either unit, coke is produced in addition to the gasoline and other light

liquid products. The coke remains on the catalyst particle and rapidly reduces

its activity. To maintain catalytic activity, burning the carbon off the cata-

lyst particles and recycling the regenerated catalyst back into the cracking

reactor is necessary. Figure 25 shows three possible configurations for the

cracking reactor and catalyst regenerator.5 4  In general, catalytic crackers,

either moving bed or fluid bed, are used to increase the yield of gasoline from

a given feedstock.

Hydrocracking

Catalytic hydrocracking supplements the catalytic cracking process previ-

ously described in that the catalytic hydrocracker is capable of processing

heavier feedstocks. The high temperature and pressure hydrogen atmosphere pre-

sent in the hydrocracking reactor make it possible to saturate the unsaturated

hydrocarbons which are formed by the cracking reaction. The product from a

catalytic hydrocracker is, then, a material boiling in the gasoline range which

is very low in unsaturates and is, therefore, a premium quality fuel.
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The primary difference between catalytic hydrocracking and the catalytic

hydrogenation process described earlier lies in the ability of the hydrocracking

catalyst to promote the formation of small, low-boiling molecules while the

hydrogenation catalyst facilitates the removal of nitrogen, sulfur, and oxygen,

which act as poisons to catalytic cracking and catalytic hydrocracking catalysts.

Both will promote the saturation of unsaturated compounds, but the hydrocracking

catalyst more readily promotes the cracking of high-boiling material to lower

boiling, more valuable products.

Catalytic Reforming

Catalytic reforming is a process by which the structure of the feed

material, usually heavy naphtha with a boiling range from 1800 to 375'F, is

rearranged to form higher octane aromatic molecules. Table 19 presents typical

analyses of catalytic reformer feed and product streams.
54

TABLE 19

Typical Analyses of Catalytic Reformer

Feed and Product Streams

Volume, %
Component Feed Product

Paraffins 45-55 30-50
Olefins 0-2 0
Naphthenes 30-40 5-10
Aromatics 5-10 45-60

Light naphtha streams are generally not fed to catalytic reformers since

they tend to crack to butane and lighter fractions, thus reducing the yield of

gasoline. Similarly, middle distillate streams are not fed to catalytic reform-

ers, because they are easily hydrocracked and cause excessive carbon laydown on

the catalyst, thereby reducing its useful life.
54

Catalytic reformer catalysts are very susceptible to deactivation by cer-

tain metals, hydrogen sulfide, ammonia, and organic nitrogen and sultur

compounds. As a result, reformer feed streams are typically subjected to i

I{
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catalytic hydrogenation pretreatment step to remove these materials. This pre-

treatment is not severe enough to remove the amounts of these materials present

in shale oil naphthas that had not previously undergone a severe hydrotreating

step. For this reason, the hydrogenation step used to pretreat catalytic

reformer feedstocks cannot be considered as a replacement for the severe hydro-

treating of either the whole crude shale oil or the heavy naphtha stream.

Given the proper combination of the above refinery operations, conversion of

any crude shale oil into acceptable quality fuel is possible.

Previous Refining Studies

With the growing interest in synthetic fuels as a possible solution to an

increasing reliance on foreign crude oil supplies, considerable work has been

conducted in recent years on the subject of shale oil upgrading and refining. A

review of the available literature related to the refining of crude shale oil

indicates that the three primary factors involved in the design of the refining

scheme are:

1. Characteristics of the crude shale oil.

2. Desired product slate.

3. Equipment and operating constraints of the proposed facility.

The first of the above factors probably has the least effect on the refining

scheme selected, as the characteristics of crude shale oil, as a general rule,

do not vary widely relative to conventional petroleum crudes. The impact ot the

second factor, product slate, may be noted in the literature by the changes in

proposed configurations as the emphasis on gasoline production has diminished

from the early 1950's to today. That is, early research by tht U.S. Bureau of

Mines proposed the extensive use of middle disti I late cracking and retormin to

produce gasoline/distillate ratios of nearly '3. 0 ,M ; whereas most configurations

proposed in recent studies emphasize diesel traction produ( t ton with gasol in ,/

distillate ratios of 0.25 or less. 157

I
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The third factor, equipment and operating constraints, has become increas-

ingly important in recent years. The deliberate, "modular" approach to develop-

ing an oil shale industry implies that in the near- to mid-term, the quantity of

shale oil produced will not be sufficient to warrant a new dedicated ref inery.

Thus, more recent refinery research has been aimed at processing shale oil either

in existing refineries modified for the purpose, or at least through the use of

readily available equipment commonliy used in existiJng facilities.

Generalizing the various proposed refining schemes into only a few "typical"

schemes is difficult, as there are any number of possible configurations into

which the basic refining processes can be arranged. The fundamental operations

involved were described in the preceding section. Depending on the product slate

desired and the operating conditions employed in the processes, a large number of

configurations can be developed us-ing these processes, which will achieve the

desired results. The configuration selected will be dependent on equipment

availability and individual refinery economics as much as any other technical

factor.

One fundamental difference among the various configurations is the sequence

of distillation and thermal or catalytic treatment. In general, the proposed

configurations can be divided into those processes that distill the crude shale

oil into various component fractions prior to t subsequent thermal or catalytic

treatment, and those processes that intt iil upgrade the crude shale oi 1 by

thermal or catalytic means prior to distil l-ition and further treatment.

One of the cited advantaiges< ot the s'. ni approajch is that the severity of

downstream treatment processe.s does n,t llm-ed to I)(- i" greaIt as it does with cti-

figurations of the f i rst typr, )in to i,ti,-r halnd, k.nt igurations involving ini -

t ial dist I I lati on of the I Irid :h ,ii , w I I i-. I v p rovid c better control over the"

spec i f icat ion of th ' individual t i i( t ti
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Research to date has concentrated primarily on processing configurations

that involve thermal or catalytic treatment of the shale oil prior to distilla-

tion into its various component fractions. Figures 26 through 28 are simplified

schematics of three such processes. Figure 26 illustrates the refining scheme

used in the late 1940's by the Bureau of Mines at Anvil Points, 8 3 which produced

a gasoline/distillate ratio of about 3.0. Figure 27 illustrates a configuration

investigated by Chevron U.S.A. during pilot-plant runs on Paraho shale oil. 1 5 7

This technique yielded a gasoline/discillate ratio of about 0.25. Both of these

processes employ coking as the means to initially upgrade the shale oil feedstock

and to produce a product stream that can more easily be further refined into

liquid fuel products. One of the shortcomings to incorporating a coker into the

refining process is that some amount of coke will be produced, and this commodity

may not have a readily available market.

Figure 28 is a generalized schematic of another refining scheme investigated

by Chevron U.S.A. in pilot-plant runs with Paraho shale oil. 157 In this process,

a fixed-bed hydrotreater using conventional catalyst was used to upgrade the

shale oil prior to distillation. By this technique, no coke is produced, as most

of the heavy ends of the crude shale oil are upgraded by the hydrogenation pro-

cess into more valuable liquid fuels. Because this route is more costly than the

coking approach, only detailed economic eviluations will determine which config-

uration will altimately be the most economic. During its investigations, Chevron

also studied the pos:;ibility of substituting a fluidized catalytic cracker for

the hydrocracker in Figure 28. A similar processing scheme was also employed by

The Standard Oil Company (Ohio) when the company refined 100,000 bbl of Paraho

shale oi I at the To edo et I lery. The r Ima rv di I fe rence bet ween the To] edo

rul anld Ii gl re 28 was that acid/cl iV tireatmeont wjs l .sti, to upgrade the distillate

'its from the Ii, i l it i (Ohin i iiut ]P-') and die l tfiiel marine for mill' i ry
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purposes and the bottoms from the distillation unit were merely used for refin-

ery fuel.

An example of a configuration in which the crude shale oil is fractionated

prior to treatment is shown in Figure 29. This is a simplified flow diagram of

the process used during the prerefining studies performed by the Standard Oil

Company (Ohio) in preparation for the lO,000-bbl refining run of Paraho shale oil

at the Gary Western Refinery near Fruita, Colorado.9 During the actual refinery

run, a coker/fractionator unit was used rather than the totally separate units

as shown in the figure.

Another very important processing step that must also be addressed is shale

oil pretreatment. One of the primary functions of this step is to remove from

the shale oil excess amounts of water which may cause cavitation problems in

pumps and steam explosions in downstream processing. Another is the removal of

ash or particulate matter from the oil to prevent deposition in pipes, heat

exchangers, and catalyst beds. Recent studies have shown that by heat treating

at 75°C and by allowing the oil to stand for approximately 6 hr, the oil/water

emulsion can be broken, and the water and solids can be settled out.
157

Because arsenic acts as a catalyst poison to most conventional hydrotreating

catalysts, crude shale oil containing this trace element must be pretreated to

remove the arsenic. A variety of processes have been developed for the removal

of arsenic, and, therefore, the presence of the material is no longer viewed

as a serious problem as long as the economics can justify the expense of

pretreatment. ARCO has developed several patented techniques employing heat

treatment in the presence of hydrogen as well as several catalytic techniques

(Atlantic Richfield Co.). Recent studies by Chevron U.S.A. have shown that a

guard bed containing alumina with a moderate surface area effectively removed

both arsenic and iron contaminants.
15 7
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The particular refining equipment configuration and operating conditions

employed will dictate not only the quantity of fuel products produced but also

their quality. Fuel products produced by the Bureau of Mines refinery at Anvil

Points, Colorado, performed quite satisfactorily in tests. However, several

fuels produced from Paraho shale oil in the Gary Western refinery during 1975

failed to meet all the desired military specifications, principally those related

to fuel stability.5 It is now generally accepted that these difficulties may be

attributed to the use of inadequate hydrotreating facilities and to product con-

tamination. Subsequent refining tests performed by the Standard Oil Company

(Ohio) at its Toledo refinery 1 65 show that with the use of appropriate refining

techniques, fuels of superior quality meeting all specifications can be produced

from shale oil.

Many factors must be considered when evaluating the costs of producing fuel

products from shale oil feedstock. These include market availability and sta-

bility, ease of product distribution, availability of equipment or refining

sites, but a generalized cost study is sometimes helpful. Some of the most

recent research in the area of shale oil refining costs has been conducted by

Chevron U.S.A.5 ° During the study, Chevron evaluated the costs of three differ-

ent processing schemes: a combination of hydrotreating and hydrocracking (see

Figure 28), hydrotreating followed by fluid catalytic cracking, and delayed cok-

ing followed by hydrotreating (see Figure 27). The results of the study showed

that for a production rate of 100,000 bpcd of light products from a grass-roots

refinery in an urban Rocky Mountain region, the refining cost would be

approximately $8 to $10/bbl. For a production rate of 50,000 bpcd of light

products from a refinery in a remote Rocky Mountain region, the cost would he

approximately $10 to $12/bbl.
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A research program is also being conducted by the Air Force Aero Propulsion

Laboratory at Wright Patterson AFB to investigate jet fuel qualities, costs, and

processes for producing high yields of aviation turbine fuel from crude shale

oil. Three companies (Ashland Research and Development, Suntech Inc., and UOP

Process Division) are under contract to the Air Force to develop a processing

scheme for converting crude shale oil into jet fuel, to evaluate the economics

of this processing scheme, and to provide approximately 1,000 gal of shale-

derived jet fuel samples for testing and evaluation. The processing schemes used

must meet the following goals:

* Be novel, yet show demonstrated potential for scale-up.

* Maximize the yield of jet fuel while limiting the yield of residual

fuel to no more than 10% of the products.

* Have an overall thermal efficiency of at least 70%.

* Have potentially lower costs for converting whole crude shale oil

into a slate of military specification products than "state-of-the-

art" processing as exemplified by the Chevron Research Company work.

All three companies have presented encouraging results based on their individual

processes. Product quality specifications were met in all cases and preliminary

economic analyses showed that JP-4 and JP-8 can be produced at costs from $25.15/

bbl (reported by Ashland) to $42 to $46/bbl (reported by UOP and Suntec). 14

Shale Oil Markets

Crude shale oil has essentially three potential end uses: boiler fuel,

refinery feedstock, and chemical feedstock. That shale oil will find applicabil-

ity in only one of these markets is unlikely; rather, the ultimate market will

be composed of a mix of these uses. Furthermore, this market mix will change

with time. In the early to mid-1980's, when the first significant quantities of

shale oil will likely become available, the probable market will be in boiler

fuel applications, with a small quantity going to local refineries capable of
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processing the shale oil without extensive modifications and captital expendi-

tures. As more shale oil becomes available, its value as a refinery feedstock

will be enhanced due to the decreasing availability of conventional petroleum.

Later still, the boiler fuel market will probably decline, and shale oil will

begin to find applicability as a petrochemical feedstock. Figure 30 is a graphi-

cal representation of the anticipated distribution of shale oil to each of these

markets. 108

Primarily due to government regulation, the current trend of the utility

industry is to replace natural gas-fired boilers with coal-fired units. For eco-

nomic reasons and due to the nonavailability of coal in certain regions, many

utilities must replace their gas-fired facilities with oil-fired units prior to

making the ultimate switch to coal. In addition, some oil-fired plants cannot

be converted to coal firing and will have to be maintained until they are

replaced by new facilities. During this gas-to-coal transitional period, a mar-

ket for perhaps 50,000 to 80,000 bpd of crude shale oil may exist.

Beyond the utility market, a small demand by the refining industry exists.

Refineries are also changing their boiler fuel requirements from natural gas to

oil, and a localized market for shale oil in these facilities may exist.

Regardless of the application, shale oil will likely find its first use as

a boiler fuel, because there will be relatively little capital investment

required, and only a short lead time is necessary for its utilization in this

market.

The similarities between crude shale oil and conventional petroleum allow

for the refining of shale oil by techniques already well known in the industry.

The differences between the two feedstocks, however, necessitate the expenditure

of considerable capital to modify or to convert existing refineries or to con-

struct new facilities to refine shale oil. This capital expenditure, along with

Z' -Aunwn
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the risk inherent in the pioneer oil shale industry, represents a barrier that

must be overcome before shale oil is accepted as a viable alternative feedstock.

Oil shale developers recognize that a market must exist for their oil if

they are to make any money by producing it. Likewise, most refiners realize that

shale oil may be available one day and may serve as an alternate feedstock at

their facilities. In spite of this, there has been relatively little research

conducted to date on shale oil refining. An analysis of the oil shale and refin-

ing industries reveals several possible reasons why this situation exists. First

of all, the relative time frames used by the industries are significantly differ-

ent. Once a commitment is made by an oil shale developer to construct a commer-

cial facility, significant quantities of product will not be produced for 5 to 7

yr. On the other hand, a refiner can run a preliminary evaluation on a new

crude in days, develop a viable processing scheme in weeks, conduct the necessary

prerefining studies in months, and modify his facility to accommodate the new

feedstock in less than 3 yr. Knowing that the technology currently exists to

handle crude shale oil, neither the oil shale developer nor the refiner has great

incentive to exhaustively study shale oil refining until he is assured that the

shale oil will be produced. A second possible reason is the emphasis of refining

industry on present and near-term production, with a somewhat lower priority

given to more long-term prospects.

Another factor that causes most industry observers to minimize the need

for exhaustive refining studies at the present time is this country's continuing

critical shortage of liquid fuels. As this shortage continues or grows, the

desirability of shale oil, our most available resource for liquid fuels, will

gain importance. Furthermore, the desirability of shale oil is increasing as

market conditions change. Since the 1950's, gasoline demand has continued to

grow, and the refining industry has developed sophisticated techniques for
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maximizing gasoline yields at the expense of the heavier distillate fractions.

Because shale oil produces primarily middle and heavy distillates, with very

little gasoline-fraction yield, it was considered a less desirable feedstock.

Using available crudes with high gasoline yields was considered more cost effec-

tive than converting a greater proportion of the distillate to gasoline in shale

oil. However, most major forecasters project gasoline demand to peak in the

early 1980's and to decline slightly thereafter. 9 9, 
121 This is primarily the

result of automobile efficiencies increasing faster than the growth of vehicle

miles driven and of a penetration of diesel engines into the automobile and

truck markets. In addition, available crude supplies are, as a rule, getting

heavier, and the refining industry is adjusting to this change by installing the

appropriate equipment. Compared with the alternatives, shale oil is becoming a

more premium feedstock.

There are four basic facilities that could realistically refine crude shale

oil:

1. A new "shale oil only" refinery.

2. A new refinery designed to handle a petroleum/shale
oil feedstock mix.

.3. An existing refinery modified for and dedicated to
shale oil refining.

4. An existing refinery handling a petroleum/shale oil
feedstock mix.

For now, the overcapacity of the U.S. refining industry would negate considera-

tion of a new refinery running a petroleum/shale oil blend, and most recent shale

oil marketing studies also rule out a dedicated grassroots refinery in the fore-

seeable future. Shale oil produced at least through the 1980's will likely be

refined in existing refineries, either as the sole feedstock or in a blend with

conventional petroleum.

MNI
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The relatively small quantities of shale oil produced by demonstration oper-

ations will likely be processed either by local refiners (e.g., Gary Western in

Fruita, Colorado; Little America in Rawlins, Wyoming; Chevron in Salt Lake City,

Utah; etc.) or in captive refineries operated by the oil shale developers or

principals themselves. The larger quantities produced by a mature industry will

have to compete with other feedstocks on a larger scale. Most recent market

studies have determined that the most reasonable market area for crude shale oil

is the Midwest, including the states in Petroleum Administration for Defense Dis-

trict (PADD) II. (See Figure 31). This, of course, is not to say that the other

geographic areas of the country will not be affected by this shale oil marketing,

as the crude petroleum, which the shale displaces in PADD II, will then be avail-

able elsewhere or will not have to be imported at all, if it was originally from

a foreign source.

Within the PADD II and PADD IV areas, most refiners are interested in the

prospect of shale oil availability. However, the capabilities of the various

refineries dictate the suitability of a shale oil feedstock, and, therefore, the

level of interest on part of the refiner. In addition, the long-range avail-

ability of petroleum crude also determines a particular refiner's level of inter-

est in shale oil. The section of the country within the described geographical

area having the most uncertain supply of petroleum crude for future processing

requiremerts is the northern tier of states including Montana, North and South

Dakota, Minnesota, and Wisconsin. These states have historicallv been very

dependent on imported Canadian petroleum. A significant reduction in the supply

of Canadian crude in reent years has led the refitners in this area to look else-

where for feedstocks. Current p lans (all for pi eli je const ruct1on to allow for

transport of Alaskan and imported crude to the .el '. It a pipelil, route to the

area from the shale oil pr()dult ioll sites comld 1w devised, tis area could repre-

sent a substantial shale )il market.
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The area including Iowa, Missouri, Illinois, Indiana, Michigan, and Ohio

does not have adequate indigenous supplies of petroleum to meet the market

demands, but unlike the northern tier states, this area has a good pipeline sup-

ply system providing access to both foreign and domestic supplies. The shale oil

market in this area will largely be controlled by the economic trade-offs between

the shale oil and foreign petroleum, and this will be controlled to some extent

by governmental regulation. Recent marketing studies'16 have identified in this

geographical area several large refineries that have the capability to handle

crude shale oil with only limited modifications. Furthermore, some of the area

refineries beginning to process heavier crudes are being limited in their capac-

ity by the ability to process bottoms. 1 16 Shale oil, with a relatively small

bottoms fraction, may help alleviate this difficulty.

Three primary factors must be considered when evaluating the applicability

of shale oil as a petrochemical feedstock:

1. Petrochemical yields obtainable from shale oil.

2. The ability of existing and future petrochemical plants to process
shale oil.

3. The logistics involved in getting the shale oil to the petrochemi-
cal plant.

Crude shale oil usually has a high olefin content due to the pyrolytic process-

ing involved in its production, and it has a respectable hydrogen content, rela-

tive to many conventional petroleum crudes, of approximately 12%. Both crude

shale oil and the hydrogenated products derived from it have been demonstrated in

several recent investigations to be appropriate feedstocks for petrochemical

production.57 Using steam pyrolytic techniques, crude shale oil can yield quan-

tities of total olefins comparable to those obtainable from many conventional

petroleum feedstocks. Even greater yields are obtainable from hydrogenated shale

oils, thus making them premium grade petrochemical feedstocks.!
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The studies that led to the above conclusions were conducted on bench-scale

equipment under carefully controlled conditions. If present or future petrochem-

ical plants do not have the capability to operate under these conditions, there

of course will be no market for the shale oil as a feedstock. Historically, the

primary feedstock for petrochemical plants has been natural gas liquids from the

Gulf Coast. As the domestic production of natural gas declines, resulting in a

decreased supply of natural gas liquids, the petrochemical industry is shifting

to heavier feedstocks such as naphtha and gas oil. The supplies of both of these

feedstocks are dependent upon government regulation (e.g., additional naphtha

demand due to stricter TEL restrictions) and seasonal demand (e.g., winter demand

for gas oils as heating fuels). Because of this, most new ethylene facilities

are being designed and constructed with considerable feedstock flexibility. It

would be reasonable to expect that as heavier feedstocks, such as gas oils,

become more predominant in the industry, shale oil will be viewed with more favor

than at the present time.

One often-cited disadvantage of shale oil as a petrochemical feedstock is

the distance between the source and the market. While the refining industry is

fairly well distributed throughout the country, as are oil-fired boilers, the

petrochemical industry is located almost exclusively on the Gulf Coast. For a

variety of reasons, including continued feedstock availability, proximity to

by-product and derivative markets, storage facilities, and others, the regional

concentration is likely to continue for the foreseeable future. As this impacts

shale oil utilization, either the shale oil must be transported to the Gulf

j Coast, or a new petrochemical plant must be built in the Rocky Mountain region,

and the various products then must be transported to the Gulf Coast for further

processing. Of the two options, the former is the most likely, at least in the

near future. As the petrochemical industry moves to heavier feedstocks and the

availability of foreign crude is decreased, the current lack of a pipeline

3
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system and the high cost of alternative transportation methods are problems that

may be rectified.

In summary, neither crude shale oil nor hydrogenated products can be con-

sidered viable petrochemical feedstocks in the near future, primarily due to the

inability of the existing industry to process the materials and to the transpor-

tation constraints in getting the shale oil feedstock to the market. Tests have

shown, however, that given the proper operating conditions, shale oil can be a

valuable feedstock, and the future petrochemical industry will likely be able to

capitalize on this value.

Shale Oil Transportation

Assuming that markets for shale oil will exist in several geographical loca-

tions and allowing for the fact that economics will ultimately determine how the

markets are prioritized, an examination of the economics of transporting shale

oil from the area in which it is produced to the area in which it will be mar-

keted is necessary. Table 20 presents comparative transportation costs for shale

oil and foreign crude oil to several potential market areas.1 0 8 The figures

assume pipeline transportation to a typical destination within the area. Where

existing pipelines are in place, actual tariffs are used. Tariffs are approxi-

mated for new pipelines using $.20/bbl per 100 mi for 200 mbpd, and $.l0/bbl per

100 mi for 1,000 mbpd.

TABLE 20

Relative Transportation Economics
Shale Oil Versus Foreign Crude Oil, $/bbl (1977)

Shale Oil (Penalty)/Premium
200 mbpd 1,000 mbpd Crude Oil 200 mbpd 1,000 bpd

Los Angeles 1.80 0.90 0 (1.80) (0.90)
Rocky Mtn. 0.60 0.30 0.80 0.20 0.50
Chicago 1.20 1.20 1.20 0 0
U.S.Gulf 2.40 1.20 0 (2.40) (1.20)I

I
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The obvious conclusion from these figures is that there is a significant

transportation advantage to marketi:ag shale oil in the Rocky Mountain/Great Lakes

area rather than a coastal location. These results were used to determine which

refiners would be contacted in the refinery survey, the results of which are dis-

cussed in the following section.

Refinery Survey

Refineries that were contacted during the course of this survey were selec-

ted on the basis of their proximity to areas in which shale oil would possibly

be marketed and on the likelihood that the refinery could process crude shale oil

with existing facilities. 110  Eighteen representatives of refining companies

were contacted to obtain site-specific information concerning the ability of the

refineries to accept crude shale oil as a feedstock.

Of the fifteen refineries contacted, only three presently have the facili-

ties necessary to accept crude shale oil as a feedstock. Table 21 presents some

of the results from the questions that were asked of each refiner. The first

item, hydrotreating capabilities, is the most critical of the three. As was dis-

cussed in previous sections, hydrotreating is an essential step in producing

high-quality transportation fuels from shale oil. Research has shown that in

order to remove the nitrogen contained in shale oil, hydrotreaters must operate

at pressures of 1,500 to 2,200 psig. 157 Of the fifteen refineries that were con-

p tacted, only one, the Marathon Oil Co. refinery in Robinson, Illinois, claimed to

have a hydrotreater capable of operating at such high pressures. 12 The Chevron

refinery located in Salt Lake City, Utah, has a hydrotreater capable of operating

at a pressure of 1,100 psig. Although this pressure is somewhat lower than that

stated earlier as necessary to sufficiently hydrotreat raw shale oil, the Chevron

5refinery has conducted a successful refinery run with a 5 vol % blend of raw

shale oil and residual oil coker feed. 1 7 Other refineries that were contacted

had hydrotreaters capable of operating pressures of only 400 to 600 psig. These*1l
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TABLE 21

Refinery Survey Results

Possible
Hydrotreating Experience With Anticipated Equipment Shale Oil

Refinery/Location Capabilities Shale Oil Modifications Refinery?

1. Conoco Insufficient Pressure None None No
Commerce City, Colorado and H2 Production

2. Gary Western Company Insufficient Pressure Production Run in Feasibility Study for No
Fruits, Colorado 1975 of Paraho Shale 10 mbpd Shale Oil

Oil Refinery

3. Asamera Oil Company Insufficient Pressure None None No
Commerce City, Colorado and H2 Production

4. Conoco Insufficient Pressure None Increase Heavy Ends No
Billings, Montana and H2 Production Capability

5. Little America Refining Co. Insufficient Pressure None None No
Casper, Wyoming and H2 Production

6. Sinclair Oil Company Insufficient Pressure Small Unsuccessful None No
Sinclair, Wyoming and H2 Production Test Run

7. Chevron USA, Inc. 1,100 psi Hydrotreater Test Run w/Oxy Shale None Yes
Salt Lake City, Utah Maybe H2 Deficient Oil

8. Husky Oil Company Insufficient Pressure None Just Added Delayed No
Cheyenne, Wyoming and H2 Production Coker

9. Amoco Oil Company Insufficient Pressure None None No
Casper, Wyoming and H2 Production

10. Phillips Petroleum Company Insufficient Pressure Some Work With Geo- None No
Woods Cross, Utah and H2 Production kinetics Oil. Pro-

ducts Were Unstable

11. Texaco, Inc. N/A' None None No
Casper, Wyoming

12. Union Oil Co. of California N/A None None No
Lemont, Illinois

13. Marathon Oil Company 2,000 psi Hydrocracker Only Preliminary Lab None Yes
Robinson, Illinois and H2 Plant Work

14. Shell Oil Company Hydrocracker and Idle Previous Work Result- None Yes
Wood River, Illinois H2 Plant ing from C-b

Activity

15. Energy Cooperative, Inc. Insufficient Pressure None Add HDS Unit, -1,000 No
East Chicago, Indiana and H2 Production psi

I N/A = not available. .. ...
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units are used primarily to pretreat the catalytic reformer feed stream and, in

general, have neither the pressure rating nor the throughput capacity to be used

as shale oil hydrotreaters.

A major part of a refinery's ability to hydrotreat shale oil depends on

whether or not that refinery has a sufficient hydrogen production capacity to

provide feed to the hydrotreater. The amount of hydrogen required for processing

shale oil depends on the composition of the shale oil (nitrogen, sulfur, oxygen,

unsaturates, etc.) and also on the desired composition of the product stream.

Obviously, a more severe hydrotreating step will require more hydrogen than a

step that only partially hydrotreats the shale oil. For example, the refining

run conducted by Standard Oil Company (Ohio) at its Toledo, Ohio, refinery

reduced the nitrogen level from 2.02 wt % in the raw shale oil feed to the hydro-

treater to approximately 0.35 wt % in the hydrotreater product.1 65  Hydrogen

consumption during this run was approximately 1,050 scf/bbl of feed. By compari-

son, tests by the Chevron Research Company showed that reducing nitrogen from

2.18 wt % in the feed to approximately 125 ppm in the product resulted in hydro-

gen consumption of 2,175 scf/bbl of feed. As this illustrates, a substantial

amount of hydrogen is necessary to effectively hydrotreat shale oil.

The Marathon Oil Company refinery at Robinson, Illinois, has a sufficient

hydrogen production capacity to facilitate the hydrotreating of raw shale oil,

as does the Chevron refinery at Salt Lake City. In addition, the Shell Oil Com-

pany refinery at Woods Cross, Illinois, has a large hydrogen production facility

that was idle at the time of this survey. 16 7  The Shell representative who

responded to the survey indicated that this refinery also had hydrocracking capa-

bilities. Although the representative would not reveal the operating pressure

for the hydrocracking operation, the presence of the hydrogen plant makes it

logical to assume that the pressure is sufficient to accept shale oil as a

!
I
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feedstock. This makes the Shell refinery the third refinery that could probably

process shale oil with existing facilities.

Refineries that did not have sufficient hydrogen to process shale oil cited

the catalytic reformer as their only source of hydrogen. In the reformer, the

conversion of paraffins and naphthenes to higher octane aromatics results in the

release of a limited amount of hydrogen. However, this hydrogen is used in the

reformer pretreating step that removes potential catalyst poisons from the

reformer feed stream. There is no excess hydrogen that can be used in a high

pressure hydrotreater. The overall refining capabilities of the three refineries

previously identified as possible shale oil refineries are shown in Table 22.110

Although these refineries probably have the pieces of equipment necessary to

refine some quantity of raw shale oil, an interest in obtaining shale oil to be

processed in their refineries is not necessarily indicated. The representatives

of all 15 refineries, as well as the three representatives of refining companies,

were quick to point out that only a complete analysis of a shale oil sample would

determine whether or not their refineries would be appropriate for the refining

of a particular oil into a given product slate. In addition to the question of

whether or not suitable hydrotreating facilities are available, items such as the

capacity of other processing units must be addressed. For example, as was shown

earlier, shale oil contains greater percentage of material boiling in the middle

distillate range than does conventional crude oil. If a portion of the crude oil

fed to a given refinery was replaced with a like amount of shale oil, the pro-

cessing units that normally handle middle distillate material would tend to be

overloaded, while those processing units that normally handle the lighter naphtha

and heavier gas oil fractions would be operating below capacity. Naturally,

3 there is a certain amount of flexibility built into any refinery, but at some

point, it becomes uneconomical for the refiner to process any more shale oil or

other feedstock than that for which the refinery was designed. Only an analysis
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TABLE 22

Refining Capabilities of Three Possible Shale Oil Refineries

Company Chevron, U.S.A. Marathon Oil Co. Shell Oil Co.

Location Salt Lake City, Utah Robinson, Illinois Wood River, Illinois

Crude Capacity,1 bpcd 45,000 195,000 283,000
bpsd N.A. 205,000 295,000

Vacuum Distillation I  35,500 62,000 95,500

Thermal Operations i  8,500 21,800 --

Catalytic Cracking,1 Fresh Feed 18,000 36,500 94,000
Recycle 1,000 8,000 N.A.

Catalytic Reformingi  5,500 47,400 88,500

Catalytic Hydrocracking i  -- 22,000 33,500

Catalytic Hydrorefiningi  5,500 6,000 27,000

Catalytic Hydrotreatingi  5,500 22,000 156,000

Alkylation 2  4,300 7,600 22,000

Isomerization 2  750 -- 2,900

Lubes 2  -- 5,600

Asphalt2  -- 31,000

Hydrogen, MMcfd 38.5 57.0

Coke, tpd 350 1,200

' Charge capacity, bpsd.

2 Production capacity, bpsd.

Note: N.A. -- not available.
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of each potential feedstock can provide an answer to the question of how much, if

any, shale oil can be processed in a given refinery.

All of the refinery representatives who were contacted felt that an

upgraded syncrude consisting of shale oil that had been severely hydrotreated to

remove the nitrogen, sulfur, oxygen, and arsenic could be refined to transporta-

tion fuels in any refinery. The removal of these materials would eliminate the

major concerns that have been expressed by the refining industry on the subject

of shale oil refining. Because nitrogen is the most difficult of the undesirable

components to remove from shale oil, it is used as a "yardstick" by the refining

industry to determine whether a given shale oil feed is acceptable for a given

refinery. Limits that were expressed on the amount of nitrogen that could be

present in an upgraded syncrude ranged from nil 17 to approximately 20 ppm. 32

Using these figures as guidelines, an upgraded syncrude from shale oil would be

a premium feedstock that could be processed by any existing refinery.

A common point made by all refining industry representatives contacted is

that the most important factor to be considered when discussing the feasibility

of producing transportation fuels from shale oil is economics. When asked to

speculate on the relative costs of refining conventional crude oil and shale oil,

one refiner estimated that shale oil processing costs would be $3.50-$4/bbl

greater, on an amortized cost basis, than conventional crude oil processing costs

due to the hydrotreating requirements associated with shale oil. 17 These addi-

tional costs will have to be offset by cost decreases in other areas if trans-

portation fuels from shale oil are to find a place in the market.

POTENTIAL FOR GRASS-ROOTS REFINERY

The refining industry is currently operating at about 70% capacity.94 The

refineries located in the Rocky Mountain and Great Lakes areas generally reflect

this industry average. In the Rocky Mountain region alone, there has been esti-

mated to be enough refinery capacity to absorb up to 200,000 bbl of shale oil per



COLORADO SCHOOL OF MINES RESEARCH INSTITUTE 104

day.4 3 This available capacity is more than sufficient to handle the level of

shale oil production estimated for the near term and makes it unlikely that a

grass-roots refinery will be built to process shale oil. In addition, it is

extremely difficult, both economically and environmentally, to site a new grass-

roots refinery in the United States. 10 9 The numerous attempts in recent years

have met with only limited success. This is not to say that long-term conditions

may not change with the growth of the oil shale industry and result in a climate

more receptive to the concept of a grass-roots shale oil refining complex, but in

the near term, economic and environmental restrictions create a strong incentive

to modify existing refineries.

FUTURE RESEARCH EFFORTS

Because this study is very general and is intended only to provide back-

ground on shale oil refining and other parameters affecting the characteristics

of transportation fuels derived from shale oil, the Army will probably want to

conduct more specific work to acquire additional detailed information. The pur-

pose of this section is to outline several possible areas in which to pursue

such follow-on work.

Computer Simulations

One possible approach would be to contract with an appropriate engineering

or process development firm to run a refining model. Several companies that

have refining models capable of providing valuable information are:

The Pace Company Consultants and Engineers

* Bonner and Moore Associates, Inc.

* Purvin and Gertz, Inc.

UOP Process Division

UOP Process Division would be interested in performing a computer simulation

as a prelude to performing pilot-plant refining runs.

_ _ __Il II_ _, I#
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The Pace Company model is capable of providing information on two bases.11

First, if the crude feedstock properties, product slate, and product properties

are specified, the model provides information on the investment required to con-

struct and operate a refinery that will perform the necessary refining steps.

Second, if the crude feedstock properties and the refining capabilities of an

existing facility are specified, the model provides information on the products

that could be produced from the feedstock as well as the difference between the

cost of refining the specified crude and a reference crude.

A project in which two or three cases are examined and the results of the

computer simulation are examined by qualified engineers could probably be per-

formed for less than $50,000. An example of a study such as this is the one

done by Pace for Occidental Oil Shale, Inc.
9 9

Pilot-Plant Tests

In addition to conducting computer runs that would simulate refinery oper-

ations, the Army may wish to contract with appropriate companies to produce and

to refine a small amount of shale oil to transportation fuels.

Tosco Corporation and The Superior Oil Company, Oil Shale Division, were

contacted to determine what the cost would be to produce approximately 100 bbl

of shale oil under contract to the Army.9 7, 168 The Superior Oil representative

indicated that Superior would not be interested in making a production run in the

near future. The Tosco representative indicated that a detailed written request

would be required before a cost estimate to perform a production run could be

provided.

Although a specific estimate of the cost to produce shale oil could not be

obtained from oil shale developers, an in-house estimate by CSMRI personnel is

that such a project could probably be performed at a cost of $100,000 to

$150,000.

A
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The UOP Process DivisioLn was contacted to obtain a cost estimate to refine

100 bbl of shale oil into a product slate of 75% diesel fuel and 25% gasoline

meeting military fuel specifications. 13 7 The program outlined by UOP was divided

into two phases. The first phase would be a paper study and computer simulation

to define the flow sheet and the performance of each unit in the flow scheme. A

cost estimate to construct and operate a shale oil refinery based on the previ-

ously defined flow sheet would be provided as part of the first phase. The

second phase would consist of pilot-plant runs to confirm the estimate of Phase I

The estimated cost of Phase I is $50,000 to $100,000, and the estimated cost of

Phase II is $200,000 to $300,000.

Other Approaches

Another area that the Army may wish to pursue is to work closely with the

companies that are developing the oil shale resource in the United States to

obtain accurate, up-to-date information on particular shale oil recovery opera-

tions. For example, Union Oil Company and the Colony Development Operation both

plan to upgrade the shale oil that they produce and possibly refine it into fin-

ished fuels at the retorting site. 15 8 Therefore, they are in the best position

to know what the characteristics of their products will be. The Army would bene-

fit greatly by keeping in close contact with these and other oil shale developers

as the industry matures.

Summary

The estimated cost to proceed with a comprehensive prog," that would range

from computer simulations of shale oil refining to pilot-plant runs $350,000 to

$550,000. This dollar figure must be kept in the proper frame of reference. The

estimates were made on the basis of the best information that CSMRI could provide

to the individuals making the estimates. This information was very general and

often incomplete, and the estimates should be used cautiously. If the Army

should decide to continue with this line of research, a more accurate estimate
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could be obtained by providing the appropriate companies with detailed informa-

tion on the nature and scope of the program and on the results that are to be

obtained. The companies can then assemble more detailed cost data and form a

more accurate estimate of the cost of the program.

'.
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RECORD OF COMMUNICATION

Individual Contacted Mr. Pat Bell Date January 20, 1981

Company Pace Company Consultants and Engineers
P. 0. Box 53473
Houston, Texas 77052

Telepnone (713) 965-0311

Mr. Bell was contacted to determine the cost of using Pace's
Refining/Petrochemical Linear Programming Model. Following are

the salient points of that conversation.

0 The model can be run in either of two modes. For the
first mode, the crude oil and product slate are specified
and the model determines the investment required to con-
struct a refinery to produce the desired products. For
the second model, the crude oil and the processing capabil-

ities of an existing refinery are specified and the model
determines the difference between revenues from products

of the specified crude oil and those of a reference crude
oil.

0 The cost of a study similar to the one done by Pace for
Occidental Oil Shale would be S30,000 to $40,000.

* When crude shale oil is blended with the co,-'untiona'
crude oil feed to a refinery in concentr ;,,.* up tu - ler-
cent, the additional processing cost is co S3/bbl.
For blends greater than 5%, the additional processing

cost is $6 to $9/bbl.

0 The model is always available to be run.

* For additional information, contact Mr. Jim Yaccinno,

(713) 965-0311.
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RECORD OF COMMUNICATION

Individual Contacted Dr. Al Benham Date January 8, 1981

Company Marathon Oil Company
539 South Main Street
Findlay, Ohio 45840

Telephone (419) 422-2121 ext. 2970

Dr. Benham was contacted to determine Marathon's ability to refine
shale oil into transportation fuels at any of its refineries in the

United States. Following are the salient points of that conversation.

" Of Marathon's four refineries located in the United States,
only the refinery at Robinson, Illinois currently has the
facilities necessary to refine raw shale oil to transporta-
tion fuels. The capacity of this refinery is 195,000 BPD.
Dr. Benham did not comment on the availability of any
excess capacity.

" Marathon has no need to examine shale oil as a refinery
feedstock. However, upon the request of Defense Fuels
Supply, they examined a sample of Oxy shale oil and con-
cluded that they could process a certain amount of it,
but only with some difficulty. Based on the capacity of
downstream proc' 3sing equipment, the Robinson refinery
could probably run 20,000 BPD of shale oil in a blend
with conventional crude oil.

* The possibility of a grass roots refinery is strictly a
question of economics. If the Federal government was to
adopt a different policy concerning the balance of payments,
particularly as related to energy supplies, it could result
in a rapid improvement in shale oil economics.

'i __
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RECORD OF COMMUNICATION

Individual Contacted Mr. Robert Blomeyer Date December 16, 1980

Company Conoco, Inc.
Box 2548
Billings, Montana 59103

Telephone (406) 252-3841

Mr. Blomeyer was contacted to determine Conoco's ability to refine
shale oil into transportation fuels at the Billings refinery. Following
are the salient points of that conversation.

" The capacity of the Billings refinery is 56,000 BPD
and it is running essentially at capacity. This refin-
ery is presently bottoms limited, meaning that it has a
low capacity for processing heavy crudes. Modifications
will have to be made in heavy ends processing capability
due to the decreased availability of light crudes.

* This refinery would be unable to process crude shale oil

since the operating pressure of existing hydrotreaters
is only 500-600 psi. These hydrotreaters are used pri-
marily for desulfurization of finished products. Shale
oil that had been severely hydrotreated or hydrocracked
would be a suitable feedstock for this refinery.

" Approximately 22 percent of the feedstock to this refinery
is Wyoming sour crude, 22 percent is Montana sour crude,
and the remaining 56 percent is Canadian sour crude ob-
tained through a trade that can be terminated upon 30 days
notice.

* Existing refineries will probably be modified before a new
refinery is built to process shale oil. The question of
refining shale oil is purely a question of ecc.iomics and a
new refinery would probably have to be subsidized by the
Federal government.

I
I
U
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RECORD OF COMMUNICATION

Individual Contacted Mr. A. 0. Braun Date January 22, 1981

Company UOP Process Division
20 UOP Plaza
Algonquin & Mt. Prospect Roads
Des Plaines, Illinois 60016

Telephone (312) 391-2000

Mr. Braun was contacted to determine -he cost of performing tests
ranging from computer simulations of refineries using shale oil as
a feedstock to a 100 barrel pilot plant run. Following are the
salient points of that conversation.

0 The objective of pilot plant studies would be to
confirm the assumptions and results of the computer
simulation.

0 The Army probably couldn't use the results of a program

being funded by the Air Force and being performed by UOP
since jet fuel is the desired product of that program
rather than diesel fuel and gasoline, the products which

have been assumed for estimating purposes. None of the
potential flow schemes being examined for the Air Force
would be suitable for the Army's use.

* UOP will assume two levels of pilot plant effort (100

barrels and 500 barrels) to give the Army an idea of
what different levels of effort would cost. Five hundred
barrels is significantly larger than most UOP pilot plants
and such a test would be very time consuming and costly.
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RECORD OF COMMUNICATION

Individual Contacted Mr. William Bruner Date December 18, 19R0

Company Chevron USA, Inc.
2351 North llth West
Box 25117
Salt Lake City, Utah 84125

Telephone (801) 322-1511

Mr. Bruner was contacted to determine Chevron's ability to refine
shale oil into transportation fuels at the Salt Lake City refinery.
Following are the salient points of that conversation.

" The capacity of the Salt Lake City refinery is approxi-

mately 45,000 BPD and the refinery is running essentially

at capacity.

" Chevron had a program to modify this refinery for crude
from the Overthrust Belt, but deferred that program due
to secondary recovery efforts in Chevron's Rangely and
Altamount fields from which the refinery now obtains its
crude oil.

" A test run was made at this refinery with shale oil pro-
duced in Occidental's MIS process. In the test run, 300
BPD of shale oil were blended with 5700 BPD of normal resid
coker feed. This material was then fed to a delaved coker.
The gas oil fraction of the coker distillate was hydro-

treated and the remainder of the distillate was run with
the regular crude. 1100 psi hydrotreaters were used on the
gas oil. These were not the kind of hydrotreaters that
would be designed for shale oil and had to be run at a
higher severity than normal. If this were done for long
periods, the life of the catalyst would be reduced.

" Chevron was supposed to have received 30,000 barrels of
shale oil from Occidental with which to run the refinery
tests. Chevron had intended to start at low concentration
blends and gradually increase the percentage of shale oil
to determine how much they could increase the shale oil
before they exceeded environmental limits on refinery emis-
sions. However, only 3,000 barrels were received and the
scope of the tests had to be drastically reduced.

" There is more refinery capacity in the area than needed
which makes it unlikely that a grass roots facility will be
built for shale oil. It is more likely that a hydrotreating
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Mr. William Bruner
Record Of Communication
December 18, 1980
Page 2

facility will be constructed. The shale-oil would be
hydrotreated and piped out to other refineries as an
upgraded syncrude.

0 Refining shale oil will cost approximately $3.50 to
$4.00 per barrel more than refining conventional crude
oil. These figures are on an amortized cost basis and
are incurred because of the necessity to hydrotreat the
shale oil. However, in the test run, it probably didn't
cost any more to process the shale oil blend than it
does to process conventional crude.
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RECORD OF COMMUNICATION

Individual Contacted Mr. Al Couper Date January 26, 1981

Company Amoco Oil Company
Naperville Research Center
Naperville, Illinois

Telephone (312) 420-4843

Mr. Couper was contacted to determine Amoco's ability to refine
shale oil into transportation fuels at any of its U. S. refineries.
Following are the salient points of that conversation.

* In general, Amoco's refineries don't have any high pres-
sure hydrotreaters. Therefore, they couldn't process
any significant amount of raw shale oil. There are some
units in which they might be able to blend the feedstocks
to produce a feed material that is 1-5% raw shale oil with
the remainder being conventional crude oil. Even at that
low level, they could run into product quality problems.

0 Essentially, Amoco's refineries don't want to handle raw
shale oil.

* A severely hydrotreated shale oil could probably be pro-
cessed in their refineries. The deciding factor would be
the amount of nitrogen left in the material. The specific
maximum level would depend on the particular refinery unit
being examined, but a rule of thumb is approximately 20 ppm.
This could be blended with other feeds, particularly a naphtha
reformer feed.

0 Shale oil is anticipated to be available in 1998 to 1990.
Refineries don't know what kinds of crudes they will be
processing at that time.

* When shale oil becomes available, refineries will make what-
ever unit modifications are necessary to take it.

* Amoco has not yet performed any tests with the oil produced
from Retort 0 at Tract C-a except to take samples for analy-
sis. They intend to use it in laboratory upgrading projects.

1
I
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RECORD OF COMMUNICATION

Individual Contacted Mr. Jay Dewell Date December 22, 1980

Company Phillips Petroleum Company
Woods Cross, Utah 84087

Telephone (801) 295-2311

Mr. Dewell was contacted to determine Phillips' ability to refine
shale oil into transportation fuels at the Woods Cross refinery.
Following are the salient points of that conversation.

" The capacity of the Woods Cross refinery is 23,000 BPD
with no excess capacity.

" Phillips has no existing plans for the expansion or modi-
fication of this refinery.

" Phillips has some experience with refining raw shale oil
from the Geokinetics process. An unspecified blend of
raw shale oil with conventional crude oil produced distillate
fuels that were unstable and waxy.

" This refinery presently processes Wyoming sweet (65%),
Wyoming asphaltic (10%), and Rangely (25%) crude oils.
It doesn't have sufficient hydrotreating capabilities to
refine raw shale oil nor does it have an adequate hydrogen
supply. The existing facilities operate at only 400 to
500 psi. If an upgraded shale oil was available that was
comparable to one of the crude oils mentioned above, it
could probably be processed at this refinery.

" A grass roots shale oil refinery would probably not be
built. Instead, a centrally located hydrotreating facility
might be built to convert raw shale oil into an upgraded
syncrude that could be processed in existing refineries.

" The 5-year plan for this refinery includes funds for a hydro-
treater that could possibly be used to process shale oil.
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RECORD OF COMMUNICATION

Individual Contacted Mr. C. E. Lowe, Jr. Date January 7, 1981

Company Marathon Oil Company
Robinson, Illinois 62454

Telephone (618) 544-2121

Mr. Lowe was contacted to determine Marathon'sabilitv to refine

shale oil into transportation fuels. Following are the salient
points of that conversation.

0 Marathon has looked at alternate refinery feedstocks,

including shale oil. Mr. Lowe isn't sure that the
necessary technology is available nor the commitment
of other refinery operations such as tho'e required to
produce the large volumes of hydrogen necessary to pro-
cess shale oil. The hydrogen production capability in-
volves not only a significant capital investment, but

also the utilization of valuable products to produce
hydrogen.

0 Mr. Lowe wasn't in a position to discuss Marathon's
future plans concerning shale oil or other alternate
feedstocks and suggested that I contact Dr. Al Benham
at Marathon's corporate headquarters in Findlay, Ohio,
(419) 422-2121.

I
I
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RECORD OF COMMUNICATION

Individual Contacted Mr. Robert Mangney Date December 11, 1980

Company Asamera Oil Company
5800 Brighton Blvd.
Commerce City, Colorado 80022

Telephone (303) 355-7351

Mr. Mangney was contacted to determine Asamera's ability to refine
shale oil into transportation fuels at the Commerce City refinery.
Following are the salient points of that conversation.

0 The capacity of the Commerce City refinery is approxi-
mately 45,000 BPD, of which 15,000-18,000 BPD are pres-
ently idle. A new crude oil distillation unit came on
line in the first part of 1980 which essentially doubled
the capacity of the refinery and Asamera has not yet ob-
tained additional crude to fill this available capacity.
The necessary crude will probably be obtained over the

next five years.

0 There are a number of undesirable components in shale oil
of which nitrogen is the worst. However, there aren't any
problems with shale oil that can't be overcome if the eco-

nomics justify it.

* The refinery would be unable to accept a raw shale oil feed-

stock because of the absence of the necessary high pressure
hydrotreaters. A substantial capital Investment in the form
of a hydrotreater would be required before shale oil could be
processed in this refinery.

0 Crude oil supply contracts are for 1-2 years. Additional
crude oil is obtained by spot market purchases.

.0 The refining industry is presentlv runninz at approximately

70 percent capacity. This makes it unlikely that a grass
roots refinery will be built to process shale oil. Mr.
Mangnev doesn't foresee any chan-es in capacity utilization
and anticipates that shale oil will probahly he treated prior

to being transported to allow it to be processed in existinc-
refineries. He stated that many refineries are already equipped
to deal with the sort of nroblems presented by shale oil.

,L,
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RECORD OF COMMUNICATION

Individual Contacted Mr. Richard Masica Date January 5, 1981

Company Texaco, Inc.
Box 320
Casper, Wyoming 82601

Telephone (307) 234-5377

Mr. Masica was contacted to determine Texaco's ability to refine

shale oil into transportation fuels at the Casper refinery. Following
are the salient points of that conversation.

0 The capacity of the Casper refinery is 21,000 BPD with no
excess capacity.

0 Texaco has no experience with crude oils from unconventional
sources. Most of their work has been in the area of coal
gasification.

9 Shale oil as a potential refinery feedstock is being examined

at the corporate level. The only real problems with it are
economic ones. The technology exists to refine shale oil.

* Before a guess could be made on whether or not shale oil
would be a suitable feedstock for this refinery, it would be

necessary to know the properties of the specific oil in
question. Laboratory testing of a 5 to 10 gallon sample at
a cost of $1,000 to S2,000 would determine the parameters
that are needed to make a proper evaluation.

0 Mr. Masica asked not to be quoted as an official represen-
tative of Texaco. He suggested that future inquiries be
directed to:

Mr. lames Dunlop
Vice President of Alternate Energy
Texaco, Inc.
2000 Westchester Avenue
White Plains, New York 10604

i
I
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RECORD OF COMMUNICATION

Individual Contacted Mr. Don McCullum Date January 8, 1981

Company Tosco Corporation
10100 Santa Monica Blvd.
Los Angeles, California 90067

Telephone (213) 552-7349

Mr. McCullum was contacted to determine the cost to produce 100
barrels of shale oil using the TOSCO 11 pilot plant retort in
Golden, Colorado. Following are the salient points of that conver-
sation.

" A pilot plant run at Tosco's Golden facility would
depend on:

- The location of the shale source.

- What the Army would do to the shale.
- What the Army's intent is.
- Whether Tosco had time and space to make

such a run.

" The cost of the program would be a function of how much

the Army expects Tosco to do.

" The Army needs to outline the parameters of what they
want to do.

" Mr. McCullum said that it isn't necessary to make a shale
oil production run and refining runs to get the character-
istics of the resulting distillate fuels. There is enough
known about the characteristics of the shale and the retorting
conditions to predict fuel characteristics.

" Mr. McCullum felt that if Tosco could obtain a sample of the
shale that the Army thinks they will be using, Tosco can make
some predictions.

" Without knowinv what the Armv's plan and scope of work would
be, Mr. McCullum was reluctant to estimate the cost of such
a program. lie wanted to know a lot more detail.

* It is easy to make di-til late fuels from shale oil, but there
are other products that also need to be considered in addition
to the distillate fraction. 1I onlv one product is to be
produced, there is the quest ion of disposition of the other
products.
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Mr. Don McCullum
Record of Communication
January 8, 1981
Page 2

0 It would cost "a lot of money" to determine the optimum
set of refinery conditions to use to maximize the pro-
duction of the fuels in which the Army is interested.

a In order to respond, Mr. McCullum requested a written

description of CSMRI's scope of work with the Army, a
description of our objectives, and a description of what
we would like Tosco to do.

I
II
I
I i

• |



COLORAOO SCHOOL OF MINES RESEARCH INSTITUTE A-14

RECORD OF COMMUNICATION

Individual Contacted Mr. R. G. McNamara Date December 18, 1980

Company Little America Refining Company
Box 510
Evansville, Wyoming 82636

Telephone (307) 265-2800

Mr. McNamara was contacted to determine Little America's ability to
refine shale oil into transportation fuels at the Evansville refinery.
Following are the salient points of that conversation.

" The capacity of the Evansville refinery is 24,500 BPD
and the refinery is running essentially at capacity.

* There are presently no plans for expansion or modifica-

tion since they are confident that they will continue to
obtain crude oil from their present suppliers.

" Mr. McNamara indicated that Little America has had no exper-

ience with crude oils from unconventional sources such as
oil shale or tar sands.

" Mr. McNamara was unable to comment on Little America's

ability to process shale oil at this refinery, but did
say that he felt shale oil is a "terrible venture" that
will always have to be subsidized. He cited unrealistic

recovery costs as the reason and said that cracking resid-
ual oil is better than using shale oil.

II
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RECORD OF COMMUNICATION

Individual Contacted Mr. Ken Roane Date December 19, 1980

Company Husky Oil Company
Box 380
Cody, Wyoming 82414

Telephone Denver Office: (303) 370-1300
Cody Office: (307) 578-1353

(307) 578-1000

Mr. Roane was contacted to determine Husky's ability to refine shale
oil into transporation fuels at either the Salt Lake City refinery
or the Cody refinery. Following are the salient points of that con-
versation.

* Mr. Roane, a senior engineer under the Vice President of
Refining, used to work at Geokinetics and is much more
enthusiastic about synthetic fuels from shale than from coal.

" Mr. Roane advocates hydrotreating the whole crude shale oil
to a synthetic crude which can then be fed to an existing
refinery instead of hydrotreating individual streams after
the crude shale oil has been fractionated or coking the crude
shale oil.

* Husky's Salt Lake City refinery presently processes Altamount
wax crude from the Altamount and Blue Bell fields of the
Uintah Basin in Utah. However, the 25,000 BPD refinery is
running only about 7,500 BPD. Alternate feedstocks for this
refinery might come from Overthrust crude suppliers.

" Mr. Roane's opinion is that shale oil producers don't have the
funds to upgrade shale oil to a usable crude. He feels that,
as processors, this is one of Husky's strong points and that
they should build an upgrading plant that is large enough to
keep che Salt Lake City refinery supplied with crude with the
possibility of selling excess syncrude to other refineries.

" This idea hasn't yet been presented to management. For a
first presentation, they will guess at equipment requirements
and develop costs on that basis. If management shows more in-
terest, the next stem will be a more detailed cost estimate.

" No thought has vet been given to possible environmental prob-
lems. Two years would be required for permitting and another
three years for construction if they started now. He thinks
that the industry will he producin 30,000 to 60,o00 BPD of
raw shale oil by then.

" No refiner in the Salt Lake City area has excess hydronen

that could be used to hvdrotreat shale oil.
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RECORD OF COMMUNICATION

Individual Contacted Mr. E. T. Robinson Date November 18, 1980

Company Standard Oil Company (Ohio) (Sohio)
Research and Development
4400 Warrensville Center Road
Cleveland, Ohio 44128

Telephone (216) 575-4279

Mr. Robinson was contacted to obtain information concerning the shale
oil refinery run made at the Toledo, Ohio refinery. Following are
the salient points of that conversation.

" There were three reports written as a result of the entire
program conducted by Sohio. The Phase I report covered the
pilot plant work. The Phase II report was a short summary
of the refinery test run. The Phase III report was a detailed
description of the refinery run and the analysis of the pro-
ducts that were produced.

" There were proprietary and non-proprietary versions of the
Phase I report. The non-proprietary report should be avail-

able from the Navy.

" The Phases II and III reports were also submitted to the Navy,
but Mr. Robinson wasn't sure as to their proprietary or non-
proprietary status.

" Lt. Commander Lawrence Lukens was the scientific officer for
this project. He is presently located in the Forrester
Building in Washington, D. C.

" The full reports contain more detailed information on the
acid treating process that was used as the final processing
step, but Sohio doesn't feel that acid treating is a viable
route because of the sludge that is produced. There is no
acceptable way to dispose of the acid sludge. The sludge
comprises approximately 5 wt percent of the total oil that
is treated and is a function of hydrotreating severity. In-
creased denitrification in hydrotreating leads to reduced
volumes of sludge. The sludge is difficult to dispose of.
Sohio sold their sludge to an acid sludge treating firm.
This method was adequate for the small amount of sludge pro-
duced, but would probably be an unacceptable disposal method
if 50-100 MBPD of shale oil was fed to the refinery simply
because of the volume of sludge produced.

" The products from the Garv Western refinery run were contami-

nated with gilsonite that was present in the storage tanks
into which the refined products were pumped. This is the rea-
son that the jet fuel quality was unacceptable.
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RECORD OF COMMUNICATION

Individual Contacted Mr. Ron Runge Date January 8, 1981

Company Union Oil Company of California
Box 339
Lemont, Illinois 60439

Telephone (312) 257-7761

Mr. Runge was contacted to determine Union's ability to refine shale
oil into transportation fuels at the Lemont refinery. Following are
the salient points of that conversation.

" The capacity of the Lemont refinery is 150,000 BPD. Mr.
Runge indicated that there is some excess capacity but was
not specific.

" It is difficult to distinguish between conventional crude
oil and upgraded shale oil that has been processed to remove

contaminants and reduce the pour point.

* Union plans to upgrade the shale oil to a syncrude at the
retorting site which will make it possible to refine the oil
at any of Union's refineries. Mr. Runge assumes that some
shale oil would be processed at the Lemont refinery.

" The upgrading facilities at the retorting site will be able
to process up to 50,000 barrels of raw shale oil per day.
Any oil produced in excess of this will have to be treated
elsewhere.

* Union has developed a catalytic technique by which the pour
point of shale oil can be reduced making the oil transport-
able in a pipeline.

" Union feels that shale oil has the potential for being a good
lube stock and is investigating this potential use.

" Union's marketing plans include three options:
1) Trade the tpgraded syncrude to local refineries

in exchange for conventional crude elsewhere.
2) Pipeline the syncrude to a Texas refinery.
3) Pipeline the syncrude to Chicago.

I
1
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RECORD OF COMMUNICATION

Individual Contacted Mr. Schauer Date December 22, 1980

Company Amoco Oil Company
Box 160
Casper, Wyoming 82602

Telephone (307) 265-3390

Mr. Schauer was contacted to determine Amoco's ability to refine shale
oil into transportation fuels at the Casper refinery. Following are
the salient points of that conversation.

" The capacity of the Casper refinery is 44,500 BPD.

* Amoco has had no experience with synthetic crudes at this
refinery. They typically refine Wyoming or Montana crudes.

" This refinery would be unable to refine raw shale oil because
of the absence of a high pressure hydrotreater. The operating
pressure of the reformer feed hydrotreater is only 300 psi.

* A grass roots refinery would probably not be built to process
shale oil since shale oil producers will be upgrading the raw
oil to a syncrude that can be processed in existing refineries.

" If Amoco did refine shale oil, it would probably be done at
the Salt Lake City refinery because of its proximity to the
western slope of Colorado and the presence of a pipeline from
Rangely, Colorado to Salt Lake City.

6L
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RECORD OF COMMUNICATION

Individual Contacted Mr. Schneider Date December 19, 1980

Company Husky Oil Company
Box 1588
Cheyenne, Wyoming 82001

Telephone (307) 634-3551

Mr. Schneider was contacted to determine Husky's ability to refine
shale oil into transportation fuels at the Cheyenne refinery. Fol-
lowing are the salient points of that conversation.

" The capacity of the Cheyenne refinery is 35,000 BPD with
about 5,000 BPD of unused capacity. Husky has just com-
pleted the addition of a delayed coker and the associated
debottlenecking of existing processing units.

* This refinery is beginning to process more sour crudes and
asphalt crudes.

" Husky has no experience with crude oils from unconventional
sources.

* This refinery would be unable to accept raw shale oil as a
feedstock due to the absence of high pressure hydrotreaters.
They presently have 500-600 psi distillate and reformer feed
hydrotreaters.

• The possibility of processing shale oil is being examined in
Husky's corporate offices. If Husky decides to pursue the
matter, one refinery, probably Salt Lake City, would probably
be modified for shale oil processing and the crude oil nor-
mally processed at Salt Lake City would be diverted to Cheyenne.

0 Mr. Schneider suggested that we contact Mr. Ken Roane in
Husky's corporate offices. Mr. Roane is on the staff of the
Vice President of Refining.

iL
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RECORD OF COMMUNICATION

Individual Contacted Mr. Jack Sikonia Date January 29, 1981

Company UOP Process Division
20 UOP Plaza

Algonquin & Mt. Prospect Roads

Des Plaines, Illinois 60016

Telephone (312) 391-3263

Mr. Sikonia responded to CSMRI's request to UOP for an estimate of the

cost to perform computer simulations and pilot plant refining tests

using a shale oil feedstock. Following are the salient points of that

conversation.

* The first phase of the program would involve a preliminary

cost estimate, definition of the flow sheet and the perform-

ance of each unit in the flow scheme, utility cost estimates,
and a total cost estimate. This program would cost S50,OO

to $100,000.

" The second phase would be pilot plant runs to confirm the

estimates of Phase I and would cost S200,000 to S300,000.

* These figures are just rough estimates. If the Army decides

to pursue a production program such as this, they will need

to get directly in touch with UOP to provide specific infor-

mation concerning what results they expect to get from the

program. UOP would then have the opportunity to respond with

a more complete and detailed cost estimate.

* Mr. Sikonia wanted to know if this ballpark estimate would

have to be supported by a UOP name. CSMRI responded that we

would like to use UOP's name, but would not do so if UOP objected.
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RECORD OF COMMUNICATION

Individual Contacted Mr. Don Stuewe Date December 18, 1980

Company Sinclair Oil Corporation
Box 277
Sinclair, Wyoming 82334

Telephone (307) 324-3404

Mr. Stuewe was contacted to determine Sinclair's ability t( lne
shale oil into transportation fuels at the Sinclair refiner\ Fol-
lowing are the salient points of that conversation.

" The capacity of the Sinclair refinery is 60,000 BPD and
the refinery is running essentially at capacity.

" Sinclair has no existing plans for expansion or modifica-
tions. They would consider using shale oil as a feedstock,
but only if nothing else was available. They are more inter-
ested in staying in business which means processing the finest
quality crudes they can obtain and making modifications only
when necessary.

" Sinclair made a small test run with shale oil. The run was
unsuccessful due to a lack of necessary time and technical
skills. The product was unable to meet color and odor speci-
fic tions.

* This refinery would be unable to process shale oil due to the
absence of a high pressure hydrotreater and an adequate source
of hydrogen. The only hydrotreating facilities that are avail-
able are 500 psi units designed to hydrotreat reformer feedstocks.

" There is a low probability that a grass roots refinery will be
built to porcess shale oil. Only the large oil companies
(Exxon or Union) would be able to do it. Mr. Stuewe feels
that windfall profits tax money should be made available for
the construction of such a facility.

" This refinery is located such that they should be interested
in taking on the problems that are associated with processing
shale oil and Mr. Stuewe is examining the situation closely.

I ,,- -. .:. ,r :L:.2 ' '. ' ' ' 2,,, ' . .... .. -16 '
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RECORD OF COMMUNICATION

Individual Contacted Mr. Ron Trottier Date January 9, 1981

Company Energy Cooperative, Inc.
3500 Indianapolis Blvd.
East Chicago, Indiana 45312

Telephone (219) 397-0924

Mr. Trottier was contacted to determine Energy Cooperative's ability
to refine shale oil into transportation fuels. Following are the
salient points of that conversation.

" The capacity of the East Chicago refinery is 126,000 BPD.
It is presently operating at approximately 70 percent
capacity.

" Energy Cooperative will probably add a hydrodesulfurization
unit to permit heavier, higher sulfur crudes to be refined.
The operating pressure of this unit will be approximately
1000 psi.

" Energy Cooperative has no experience with crude oil from
unconventional sources.

" This refinery doesn't have a suitable hydrotreater or
hydrogen source to process crude shale oil. However, an
upgraded shale oil could be processed, especially after
the addition of the new hydrodesulfurization unit.

" The location in which shale oil is refined will depend on
where there is a market for the end products.

" Energy Cooperative will begin looking at upgraded shale oil
as a potential refinery feedstock when availability falls
within the 5-year horizon.

_______ I
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RECORD OF COMMUNICATION

Individual Contacted Mr. Don Unruh Date December 11, 198O

Company Conoco, Inc.
5801 Brighton Blvd.

Commerce City, Colorado 80022

Telephone (303) 575-6213

Mr. Unruh was contacted to determine Conoco's ability to refine shale
oil into transportation fuels at the Commerce City refinery. Following
are the salient points of that conversation.

* The capacity of the Commerce City refinery is 33,500 BPD

and the refinery is running essentially at capacity.

* At present, there are no plans for expansion at this
refinery nor are there any anticipated changes in the
type of crude oil used as feed material.

* The only experience that Conoco has with refining crude
oils from unconventional sources is a test run approxi-
mately 10 yr ago at a refinery in Duluth, Minnesota in

which oil from oil sands was utilized as a feedstock.
Significant problems were encountered with running streams
from this material through a catalytic reformer. Excessive
coke laydown on the reformer catalyst caused rapid deacti-
vation of that catalyst.

0 The Commerce City refinery doesn't have the necessary hydro-
treating facilities tc run crude shale oil. However, the
availability of an upgraded (hydrotreated) shale oil might[ make Conoco more receptive to the idea of processing shale
oil in this refinery.

" Although a specific figure was not mentioned, Mr. Unruh

estimated that the cost of processing shale oil would prob-
ably be higher than the cost of processing conventional

crude oil.

" The existing pipeline network eliminates or severely reduces
the possibility of a grass roots refinery being built to re-
fine shale oil. This doesn't eliminate the possibility of a
large company such as Exxon building a refinery on the western
slope of Colorado, but it is more likely that shale oil will
be pipelined to existing refining centers.

-I
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RECORD OF COMMUNICATION

Individual Contacted Mr. Stan Well Date December 11, 1980

Company Gary Western Company
Fruita, Colorado 81521

Telephone (303) 858-3611

Mr. Well was contacted to determine Gary Western's ability to refine
shale oil into transportation fuels at the Fruita refinery. Following
are the salient points of that conversation.

* The capacity of the Fruita refinery is 11,000 BPD and the
refinery is running at capacity.

" Gary Western performed a refining run in 1975 with whole
crude shale oil. The refinery wasn't suited for this feed-
stock and there was a considerable amount of contamination
and halted operation. This refinery doesn't have suitable
hydrotreating capabilities to accept crude shale oil as a
feedstock.

* An upgraded shale oil could oe accepted by any refinery.

Gary Western is presently performing a DOE feasibility study
for a complete shale oil refinery with a capacity of 10,000
BPD.
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RECORD OF COMMUNICATION

individual Contacted Mr. A. R. Williams D.ate January R.- 1'81

Company Shell Oil Company
Box 262

Wood River, Illinois 62095

Telephone (618) 254-7371

Mr. Williams was contacted to determine Shell's ability to refine
shale oil into transportation fuels at the Wood River refinery.
Following are the salient points of that conversation.

0 The capacity of the Wood River refinery is 283,000 9PD
with no excess capacity.

0 Shell Oil has some experience with refining shale oil
stemming from their involvement at Colorado Lease Tract
C-b. Processing work was discontinued at the same time
that their activities at C-b were halted.

a Shell has a corporate group that continues to examine all
potential sources of crude oil, including shale oil.

0 This refinery has a large hydrogen plant that is presently
idle. It also has hydrocracking facilities. Mr. Williams
would not reveal the operating pressure of the hvdrocrackins
facilities, but he implied that the pressure is high enough

to process shale oil.

0 An analysis of the shale oil in question would be necessary
to determine whether or not it would be processed at this
refinery.
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RECORD OF COMNICATION

Individual Contacted Mr. Loren Young Date January 7, 1981

Company Superior Oil Company
2750 South Shoshone
Englewood, Colorado 80110

Telephone (303) 934-2215

Mr. Young was contacted to determine the cost of performing a shale
oil production run using Superior's facilities. He responded that
performing a test run such as this would be quite a deviation from
Superior's normal policy and that they would not be interested in
doing so.


